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ABSTRACT
N -(3 ,4 -d ich lo ro p h en y l) m ethacrylam ide (dicryl) h a s  rece iv ed  con­
siderab le  a tte n tio n  during th e  la s t  tw o y ea rs  a s  a p o st-em erg en ce  h e rb i­
c id e  for co tto n  (GossyplUm hirsutum  L .) .  L ittle  is  known concern ing  th e  
p h y sio lo g ica l m echanism s a lte re d  in  p lan ts  follow ing d icry l tre a tm e n t. 
A ttem pts w ere  made in  th is  s tudy  to  determ ine some e ffe c ts  of d icry l on 
early  growth and c e rta in  resp ira to ry  enzym es of co tto n .
C otton  w as p lan ted  in  f la ts  in  th e  g reenhouse  and allow ed to  
develop  for 5 to  6 d a y s . At th is  tim e som e of th e  p la n ts  w ere  tre a te d  
w ith  3 lb /A  of d icry l d irec tly  over th e  top  of th e  c o tto n . All of th e  fla ts  
w ere  im m ediately  tran sfe rred  to  growth rooms a t 30° C and approxim ately  
500 foot c an d le s  of lig h t.
D icry l su p p re ssed  th e  ra te  of en largem ent of c o ty led o n s , th e  
e longation  o f in te m o d e s , and  ex pansion  of tru e  l e a v e s . Maximum 
su p p re ss io n  of co ty ledon  w eigh t w as ob ta ined  w hen d ic ry l w as app lied  
a t  th e  o n - s e t  of m ost rap id  grow th . A natom ical exam inations of c o ty ­
ledons and le a v e s  in d ic a te d  th a t c e ll  en largem ent w as uniform ly su p ­
p re sse d  by d ic ry l.
The n itrogen  con ten t o f co ty ledons, w as found to  d e c re a se  s lig h tly  
during developm ent in d ica tin g  p o ss ib ly  some movement to  o ther p lan t 
p a r t s . S ince  the  n itrogen  co n ten t of tre a te d  co ty ledons rem ained  c o n s tan t 
th e re  w as no  ev idence  of movement to  o ther p a r ts .  In  tru e  le a v e s  th e  
n itrogen  c o n ten t in c re a se d  a s  th e  w eigh t of le a v e s  in c re a s e d .
v iii
The e ffec t of d icry l on  e longation  of hypocoty l s e c tio n s  and in ta c t  
prim ary roo ts w as in v e s tig a te d  and  com pared to  th a t  ob ta ined  w ith  in -  
d o le a c e tic  a c id  (IAA). The g re a te s t  stim u la tion  of e longa tion  of 
hypoco ty l se c tio n s  ob ta ined  w ith  IAA. w as su p p re ssed  by an  equal w eigh t 
c o n cen tra tio n  of d ic ry l. Both d ic ry l and IAA a c te d  to  reduce  e longation  
o f in ta c t ro o ts . T hese re s u lts  su g g e s te d  th a t d icry l cou ld  be  ac ting  a s  
a  w eak au x in .
The e ffe c tiv e n e ss  of d icry l for in h ib itio n  of growth of co ty ledons 
in c re a se d  w ith  in c re as in g  periods of c o n ta c t, maximum su p p re ss io n  
having  b een  approached  c lo se ly  in  3 h o u rs .
R esp ira tion  d ec lin ed  during developm ent of c o ty le d o n s . D icryl 
su p p re ssed  grow th w ithou t any su b s ta n tia l  e ffec t on to ta l  re sp ira tio n  
p e r co ty led o n .
The re s u l ts  of t e s t s  em ploying su b s tra te s  (a sco rb a te , c a te c h o l, 
an d  cytochrom e c p lus p -pheny lened iam ine) su g g e s te d  th a t a sco rb ic  
a c id  o x id ase  w as th e  predom inating term ina l o x id a s e . Further support 
for th e  above find ings w as ob ta ined  using  in h ib ito rs . R esu lts  w ith  
d ie thy ld ith iocarbam ate  and th io u rea  in d ic a te d  th e  p resen ce  of a sco rb ic  
a c id  o x id ase  in  co tto n  t i s s u e .  A scorb ic  a c id  o x id ase  w a s  com plete ly  
in a c tiv a te d  by bo iling  th e  h o m ogena tes. R esu lts  ob ta ined  using  cen trifu  
g a tio n  dem onstra ted  th a t  a sco rb ic  a c id  ox id ase  of co tto n  t is s u e  w as 
prim arily  a s s o c ia te d  w ith  th e  c e l l  w a ll fra c tio n . D icry l d e p re ssed  
a sco rb ic  a c id  o x id ase  a c tiv ity  in  co ty ledonary  t is s u e  to  th e  sam e ex ten t 
a s  th e  e ffe c t on grow th .
ix
The ox idation  of com bined su b s tra te s , a sco rb a te  and  c a te c h o l, w as 
add itive  ind ica ting  th a t a sco rb a te  did n o t a c t a s  an  e lec tro n  sou rce  for 
reduc tion  of q u in o n es .
The b lank em ulsion  contain ing  a l l  of th e  in g red ien ts  of th e  com­
m ercial h e rb ic ide  preparation  ex cep t d icry l had  no apparen t e ffec t on 
growth or a sco rb ic  ac id  o x id a se .
The ac tiv ity  of g lyco lic  a c id  o x id ase  w as found to  be equal to  or 
g rea te r th a n  asco rb ic  a c id  o x id ase  in c o tto n . R esu lts w ith  inh ib ito rs of 
g ly co lic  ac id  o x id ase  supported th e se  fin d in g s . D icryl had no apparent 
e ffec t on g lyco lic  a c id  o x id a se .
D icry l trea tm en t he ld  th e  c a ta la s e  and perox idase  a c tiv it ie s  con­
s ta n t for th e  eigh t day te s tin g  period  w h ile  un trea ted  p lan ts  in c re a sed  in  
le v e ls  of ac tiv ity  of th e s e  enzym es. C a ta la s e , lik e  a sco rb ic  ac id  
o x id a se , w as su p p re ssed  to  th e  same ex ten t a s  th e  e ffec t on grow th.
L ipoxidase w as not d e tec ted  from se v e ra l t e s ts  for i ts  p re se n c e .
P ec tin  m eth y leste rase  w as d ep re ssed  for se v e ra l days by d ic ry l.
x
INTRODUCTION
C otton  rep re se n ts  one of L o u is ian a 's  m ost im portant c rops from 
the  standpo in t of farm in co m e . The con tro l of w eed s in  th is  crop  has 
long b een  a problem  and h a s  required  la rg e  am ounts of hand la b o r. For 
the  farm er to  pay w ages com peting w ith  in d u s try , h e  m ust em ploy 
m ethods w hich  w ill m ost e ffic ien tly  u ti l iz e  h is  la b o r. The u se  of 
h e rb ic id es offers a m eans of contro lling  w eed s during th e  extrem ely 
c r i t ic a l  period  im m ediately  follow ing p la n tin g . W eeds can u su a lly  be  
con tro lled  by cu ltu ra l m ethods if  th e  crop m akes a few  w eeks growth 
before w eeds becom e e s ta b lis h e d . H ow ever, it  is  d ifficu lt to  m echan­
ic a lly  con tro l w eeds w hich em erge ah ead  of or w ith  th e  c ro p . The u se  
of h e rb ic id es  i s  reducing th e  amount o f man hours n e c e ssa ry  for w eed  
contro l in  th is  c ro p .
In  recen t y e a rs  a co n sid erab le  in te re s t  h a s  cen te red  around th e  
s tu d ie s  of h e rb ic id e s . The know ledge g a in ed  from th e s e  s tu d ie s  h as  
been  u tiliz e d  in  employing th e  se le c tiv e  h e rb ic id es  in  agronom ic 
p ra c tic e s . Light a p p lica tio n s  of 3 - (3 ,4 -d ic h lo ro p h e n y l) - l,  1 -d im e th y l-  
urea  u sed  on co tto n  h a s  g iv en  se le c tiv e  con tro l of m ost annual g ra s s e s  
and b ro ad leaf w eed s for a few  w e e k s . D icry l h as  show n d e fin ite  
prom ise as an  early  post-em ergence  h e rb ic id e  for contro l of th e s e  
w eeds in  c o tto n .
It should  be rem em bered tha t h e rb ic id e s  have th e ir  l im ita t io n s .
The re s u l ts  may b e  ou tstand ing  and econom ical in  c e r ta in  in s ta n c e s  but 
may fa il  and becom e ex p en siv e  under o ther c irc u m s ta n c e s . C hem ical 
w eed  con tro l recom m endations should  be  b a sed  on a  know ledge of 
p h y sio lo g ica l p rin c ip le s  a s  w e ll a s  f ie ld  e x p e rie n c e s . The re sp o n se  
of a g iven  p lan t to  a  sp e c if ic  he rb ic ide  v a rie s  co n sid erab ly  w ith  th e  en­
vironm ental cond itions under w hich  th e  m ateria l is  a p p lie d .
Although d icry l h a s  rece iv ed  co n sid erab le  a tten tio n  during th e  la s t  
tw o y e a rs  for p o st-em erg en ce  contro l of w eeds in  co tto n / very l i t t le  in ­
form ation h as  b een  p u b lish ed  on th e  p h y sio lo g ica l e ffe c ts  of th is  
m ateria l on p la n ts . It w as  th e  purpose of th is  in v es tig a tio n  to  ob ta in  
inform ation on th e  p h y sio lo g ica l m echanism s w ith in  th e  co tton  p lan t 
w hich  may be  a lte re d  a s  a  re s u lt  of trea tm en t w ith  d ic ry l .
LITERATURE REVIEW
E ffects of D icry l on P lan ts
S ince d ic r y l /N - ( 3 ,4 -d ich lorophenyl) m eth ac ry lam id e / is  a r e l a ­
tiv e ly  new compound in  th e  fie ld  of h e rb ic id es th e re  a re  very  few 
p ub lished  repo rts  on i ts  a c tiv ity . H ow ever, se v e ra l w eed  control 
w orkers (personal com m unication) have  su g g e s te d  th a t d icry l may be 
of v a lu e  for con tro l of th e  common w eeds found in  c o tto n . Such common 
w eeds are p igw eed , morning g lo ry , and a  v a rie ty  of g ra s s e s  such a s  
crab g r a s s ,  g o o se g ra ss , and B rach iara .
Porter and o thers (1960) reported  prom ising re s u lts  for th e  p o te n ­
t ia l  p o st-em erg en ce  he rb ic id e  (dicryl) for u se  in  c o tto n . They in d ic a te d  
th a t d icry l cou ld  be se m i-d irec ted  under th e  co ty ledons of young co tto n  
w ithout inj ury to  th e  p la n ts . The e ffec tiv e  ra te  for adequa te  con tro l of 
w eeds ranged from 1 to  1 1 /2  lb /A  on th e  d rill (3 to  4 1 /2  lb /A  b road ­
c a s t ) .  Under cond itions of heavy  w eed  p ressu re  sp lit ap p lica tio n s  w ere 
more e ffec tiv e  th a n  a sin g le  a p p lic a tio n . In  e ith e r  c a s e  th e  to ta l am ount 
of d ic ry l should  not exceed  th e  ra te s  g iven  ab o v e .
In  a  re se a rc h  report g iven  a t th e  Southern W eed C onference , 
M oreland and H ill (1960) in d ica ted  th a t  d icry l produced 50 per cen t 
in h ib itio n  of th e  H ill rea c tio n  of iso la te d  tu rn ip -g re en  ch lo ro p las ts  
a t co n cen tra tio n s below  10"® M . Bingham and Porter (1960a) reported
3
som e e ffe c ts  o f d ic ry l on ea rly  growth and  developm ent o f co tton  and  v 
(1960b) som e e ffe c ts  on c e r ta in  enzym es of c o tto n . Funderburk and 
P orter (1960) repo rted  som e e ffe c ts  of d ic ry l on th e  resp ira to ry  enzym es 
of c o m , w hich  Is  a  re la tiv e ly  se n s it iv e  p la n t . Three to  4 days a fte r  
trea tm en t th e  ra te  of ox idation  of a sco rb ic  ac id  began  to  in c re a se  and 
by th e  eigh th  day  i t  w as 4 to  5 tim es h igher th an  in  th e  co n tro l. In 
th is  c a se  bo iling  th e  hom ogenate d id  not su p p ress  th e  ra te  of ox idation  
w hich  w as c o n sid e red  to  be  n o n -en z y m atic .
R esp ira tion  and Term inal O x idases of H igher P lan ts
R esp ira tion  i s  th e  p ro c e ss  by  w hich  c e lls  ob ta in  energy through 
th e  breakdow n of o rganic  m a te r ia ls . The aerob ic  breakdow n of h e x o ses  
in  h igher p lan ts  h a s  been  d iv ided  in to  (1 ) g ly c o ly s is  and (2 ) th e  o x id a ­
tio n  of th e  p roducts of g ly c o ly s is . At va rious s te p s  hydrogens are re ­
m oved from th e  su b s tra te  under th e  in fluence  of dehydrogenase  enzym es 
to  y ie ld  reduced  pyrid ine  n u c le o tid e s . T hese p roducts a re  ox id ized  by 
a  s e r ie s  of o x id a tio n -red u c tio n  sy stem s w h ich  tra n s fe r  e lec tro n s  from 
th e  o x id izab le  su b s tra te  s te p  by s te p  to  m olecu lar oxygen . The enzym e 
w hich  c a ta ly z e s  th e  fin a l s te p  in  th e  tra n s fe r  of e le c tro n s  to  oxygen 
w h ich  th e n , com bines w ith  hydrogen ions i s  a  te rm ina l o x id a s e . Ac­
cording to  Bonner (1950) in  h igher p lan ts  th e re  a re  a t l e a s t  th ree  d iffer­
en t ox id ase  sy stem s w hich  may be  in v o lv ed . T hese a re  a sco rb ic  ac id  
o x id a se , p o ly p h en o lo x id ase , and cytochrom e o x id a s e . Z e litch  (1953) 
p roposed  a  sy stem  includ ing  g ly co lic  ac id  o x id a s e , g ly o x y lic  ac id
re d u c ta se  and c a ta la s e  for tra n s fe r  o f hydrogen to  oxygen . This system  
w ill be  d is c u s se d  la te r  in  th is  rev iew .
Szent-G yorgyi (1931) d isco v ered  tha t h ex o x id ase  (la te r  c a lle d  
a sco rb ic  a c id  ox idase) w as p resen t in  cabbage le a v e s . A scorbic ac id  
d isap p ea red  on  m incing due to  ox idation  to  dehydroasco rb ic  a c id . S ince 
1931 asco rb ic  ac id  o x id ase  h a s  b een  dem onstrated  in  a  number of h igher 
p lan ts  such  a s  pum pkin, p e a , string  bean , lim a b e a n , co rn , Sw iss 
ch a rd , c a rro t, p a rsn ip , sp inach  (K ertesz, 1936), cu cu rb its  (Tauber 
e t a l ,  1935), cucum ber (Snow et a l ,  1938), co tto n  (Bingham and Porter, 
1960b) and in  many o th er p la n ts .
M apson (1958) rev iew ed  the  function  o f a sco rb ic  ac id  in  p la n ts . 
A scorbic ac id  w as not thought to  be au to x id izab le  bu t to  requ ire  en ­
zym es for i ts  o x id a tio n . T hese enzym es may be d iv ided  in to  two 
ca teg o rie s  (l) d irec t ox id a tio n  and (2 ) secondary  ox idation  to  th a t of 
th e  su b s tra te  o f the  enzym e. In th e  f irs t ca tego ry  only  one enzym e, 
a sco rb ic  ac id  ox id ase  i s  known to  occu r in  h igher p la n ts . In  th e  second  
group th e re  a re  sev e ra l enzym es involved  su c h  as po lypheno lox idase , 
l a c c a s e ,  cytochrom e o x id ase  and p e ro x id a se .
The ox idation  of a sco rb ic  a c id  may be  c a ta ly z e d  by any  or a ll  
o f th e  o x id ase  system s occurring in  p la n ts , bu t such  b iochem ical 
s tu d ie s  fu rn ish  l i t t le  ev id en ce  a s  to  w hat e x te n t th e s e  rea c tio n s  pro­
ceed  in  v iv o . O xidation  g o es  only a s  far a s  th e  dehydroasco rb ic  acid  
s ta g e  in  th e  p resen ce  of th e s e  o x id a s e s . A scorbic a c id  ap p ea rs  to  be 
a s s o c ia te d  in  fresh  t is s u e s  w ith  sm a ll but d e fin ite  am ounts of
dehydroascrob ic  a c id . There i s  a lso  th e  p robab ility  th a t dehydroascorb ic  
a c id  i s  lo s t by co nversion  to  2 , 3-*diketogulonic a c id . T hese fa c ts  make 
i t  ap p ea r probable th a t  th e re  i s  a  con tinuous ox idation  o f a sc o rb ic  acid  
in  v iv o .
A great d e a l of v a ria tio n  e x is ts  in  th e  pu b lish ed  w ork on a sco rb ic  
a c id  o x id a se . The lo ca tio n  of th e  o x id ase  i s  in  th e  cy top lasm  (M ayer, 
1958; M apson , 1958; S ta ffo rd , 1951) and  does not p re c ip ita te  a t  20 ,000  x  
g w h ile  Honda (1957) c la im ed  i t  to  be p re se n t in  th e  m itochondria  and c e ll  
w a ll frac tions and Newcomb (1951) show ed th a t  i t  occurred  in  th e  c e ll  w a ll 
f ra c tio n . The t i s s u e s  u sed  by th e se  th re e  peop le  w ere  d ifferen t a s  w e ll 
a s  th e  p lan ts  i . e .  p e a , b a rle y , to b a c c o , and germ inating se e d lin g s , 
roo ts and  p ith , re s p e c tiv e ly . S tafford (1951) using  aqueous ex tra c ts  
of pea  seed lin g s  found th e  enzym e in  th e  su p e rn a tan t of 60 ,000  x  g .
T hus, i t  is  ev id en t th a t  in  som e t i s s u e s  th e  enzym e is  a s s o c ia te d  w ith 
th e  c e l l  w all m ate ria l w h ile  in  many c a s e s  i t  i s  a ls o  found in  th e  so lub le  
f r a c t io n s .
S evera l w orkers have su g g ested  th a t som e p lan ts  u se  one term inal 
o x id ase  system  and la te r  change  to  a n o th e r . For in s ta n c e , M ayer (1958) 
rep o rted  th a t le ttu c e  se e d lin g s  have a  h igh  a sco rb ic  a c id  ox id ase  
a c tiv ity  and la te r  ch an g es to  o ther s y s te m s . H e in d ic a te d  th a t one 
a c tio n  o f th iou rea  on germ ination  ap p ea red  to  be  th a t  of cau sin g  a  
change in  the  m etabolism  o f th e  se ed lin g s  a t a  very  early  s ta g e . Thio­
urea  com plete ly  in h ib ited  a sco rb ic  a c id  o x id ase  a c tiv ity  in  v itro  o r 
in  v iv o . A scorbic a c id  o x id ase  a c tiv ity  w as com plete ly  in a c tiv a te d  
by bo iling  the  enzym e p rep a ra tio n . Albaum and  E ichel (1943) in d ic a te d
th a t germ inating  o a ts  f irs t  u se d  th e  cytochrom e system  bu t la te r  in ­
c re a se d  in  a sco rb ic  a c id  o x id ase  a c t iv i ty . G oddard (1944) ob tained  
very s im ila r re s u lts  for w h e a t. A change of m etabolic  su b s tra te  from 
fa ts  to  sugars a lso  took p lace  sim u ltaneously  w ith  th e  change of ox i­
d a se s  .
M apson (1956) show ed th a t reduced  g lu ta th io n e  and a sco rb ic  ac id  
a c t a s  re sp ira to ry  c a rrie rs  in  an  enzym e system  w hich tra n s fe rs  hydrogen 
to  oxygen from su b s tra te s  of TPN -  JBinked d e h y d ro g en ases . The en ­
zym es concerned  in  th is  pathw ay w ere  dehydrogenase  en zy m es, g lu ta ­
th ione  re d u c ta s e , dehydroascorb ic  a c id  re d u c ta se  and a sco rb ic  ac id  
o x id a s e .
Jam es and a s s o c ia te s  (1953, 1955) have reported  more p o sitiv e  
ev id en ce  of th e  functioning  of a sco rb ic  a c id  o x id ase  a s  a term inal 
enzym e. They observed  th a t in  10 to  17 day old b a rley  roo ts a sco rb ic  
ac id  o x id ase  w as th e  only one of th e  th re e  term ina l o x id a se s  th a t  they  
w ere  ab le  to  d e m o n s tra te . During th e  developm ent of th e s e  roo ts th e re  
appeared  to  be  a  g radual change from cytochrom e o x id ase  to  a sco rb ic  
ac id  o x id a s e . Jam es h a s  su g g ested  th e s e  changes b a se d  on th e  d ec lin e  
in  se n s it iv i ty  of th e  re sp ira tio n  to  carbon  m onoxide and r is e  in  s e n s i­
t iv ity  to  d iec a  w hich  po in ted  to  a  p ro g ress iv e  change from iron  to  
copper c a ta ly z e d  sy s tem .
On th e  o ther h an d , Thimann and (Solleagues (1954) have sought 
to  e s ta b l is h  th a t  a sco rb ic  a c id  o x id ase  i s  not of m ajor im portance in  
many t i s s u e s  a s  a  term inal o x id ase  on th e  b a s is  of low  a ffin ity  o f th e
enzym e for oxygen . For in s ta n c e , thirty^tw o tim es th e  p a r t ia l  p ressu re  
o f oxygen needed  for h a lf  maxim al re sp ira tio n  of po ta to  d is c s  w as re ­
quired  fo r h a lf  m axim al a sco rb ic  ac id  o x id ase  a c tiv ity .
The ev idence  a s  rev iew ed a t th is  tim e s t i l l  le a v e s  i t  uncerta in  
w he ther a sco rb ic  a c id  o x id ase  is  of im portance a s  a  term inal o x id a se . 
M any re v ie w e rs , e sp e c ia lly  Bonner (1957), w ere of th e  op in ion  tha t 
a sc o rb ic  ac id  o x id ase  ra re ly  functions a s  a  te rm ina l o x id ase  but tha t 
cytochrom e o x id ase  is  of m ajor im portance .
The p resen ce  o f cytochrom e in  h igher p lan ts  w a s  f irs t shown by 
K eilin (1925). S ince th a t tim e th e  p re sen c e  of th e  cytochrom e system  
h a s  now b een  dem onstra ted  in  a la rg e  number of p la n ts . H ill  and H artree
(1953) s ta te d  th a t th e re  is  now g en era l agreem ent th a t  cytochrom e ox i­
d a se  functions a s  th e  term inal o x id ase  in  p lan ts  a t th e  embryonic or 
im m ediate post-em bryon ic  s ta g e . There is  some opposing ev idence 
su ch  a s  th a t m entioned above for le t tu c e , how ever, much of th e  op­
posing  ev id en ce  is  o f a n eg a tiv e  n a tu re . S ince Thimann and  others
(1954) found a  h igh a ffin ity  of cytochrom e o x id ase  for oxygen only tw o 
lin e s  o f ev idence  have  c a s t  doubt upon th e  ro le  of th is  o x id ase  as th e  
enzym e m ediating th e  main pathw ay of rea c tio n  w ith  oxygen . F irs t, 
th e  apparen t la c k  of cytochrom e o x id ase  a c tiv ity  in  hom ogenates or 
on ly  a  low  order of a c tiv ity  h as  b een  found in  some p la n ts . Second,
i t  has a ls o  b een  show n th a t known in h ib ito rs  of th is  o x id ase  fa il to  
in h ib it re sp ira tio n  in  some p lan ts  (Smith and  C h an ce , 1958). James
(1956) s ta te s  th a t u n frac tio n a ted  hom ogenates of some v a r ie tie s  of barley  
show ed no cytochrom e o x id ase  a c tiv ity  although  i t  w as p re se n t in  par­
t ic le s  is o la te d  from th e  h o m o g en a tes . Sm ith and C hance  (1958) a lso  
in d ic a te d  th a t  b a s ic  p ro te ins w ould  in h ib it cytochrom e o x id ase  and th is  
cou ld  acco u n t for d iff ic u ltie s  encoun tered  in  u sing  hom ogenates or un­
w ash ed  p a r t ic le s .  I t  shou ld  be po in ted  ou t th a t e x c e s s  cytochrom e c 
w il l  a lso  in h ib it  cytochrom e o x id ase  a c t iv i ty . This p o in ts  to  som e of 
th e  d iff ic u ltie s  in  determ ining cytochrom e o x id ase  a c tiv ity  e sp e c ia lly  
u sing  crude p lan t h o m o g en a tes .
U sing  th e  p o ta to  tu b e r , B osw ell and  W hiting (1938) a re  u su a lly  
g iv en  c red it for th e  f irs t dem onstra tion  th a t  po lypheno lox idase  w as 
d irec tly  invo lved  in  re sp ira tio n  of h igher p la n ts .  O nslow  (1921) r e ­
ported  s tu d ie s  of a la rge  number of p la n ts  and in d ic a te d  th e  p resen ce  
of po lypheno lox idase  in  about 60 per c e n t of th e  c a s e s  of an g io sp erm s.
A slig h tly  h ig h er p e r cen t of m onocots th a n  d ico ts  gave a p o s itiv e  t e s t .
N um erous w orkers have  u se d  carbon  m onoxide in h ib itio n  s tu d ie s  to
d is tin g u ish  b e tw e e n  cytochrom e o x id ase  and copper e n zy m es . T hese
w orkers po in t out th a t  th e  cytochrom e o x id ase  i s  in h ib ited  by  carbon
m onoxide in  th e  dark  bu t i s  lig h t re v e rs ib le . P o lypheno lox idase  i s  in -
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h ib ited  by carbon  m onoxide and i s  not lig h t re v e rs ib le . A scorbic ac id  
o x id ase  may or may not be  in h ib ited  by carbon  m onoxide but i s  in h ib ited  
in  hom ogenates by d ie c a  (Jam es, 1953). There are  c o n sid e rab le  d iffer­
e n ce s  in  op in ion  in  in te rp re ta tio n  of r e s u l ts  w ith  in h ib ito rs .
M iller and  H a ll (1957) repo rted  som e s tu d ie s  regard ing  e ffe c ts  of 
am itro l on re s p ira tio n  of co tto n  le a f  d i s c s . Amitrol c a u se d  a n  in it ia l
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stim u la tio n  of re sp ira tio n  w hich  re tu rned  to  normal o r approxim ately  the  
sam e a s  th e  un trea ted  con tro l in  26 h o u rs .
G lyco lic  Acid O x idase  and a  System  for Hydrogen T ransfer
to  Oxygen
C la g e tt/  T o lbert, and Burris (1949) and  Tolbert e t a l (1949) found 
an  enzym e of w id esp read  occurrence  in  th e  g reen  p a rts  of many p lan ts  
w hich  c a ta ly z e d  th e  ox idation  of g ly co lic  a c id  and 1 -lac tic  a c id . The 
enzym e w as found in  b a r le y , l i ly ,  sunflow er, sq u a sh , so y b ean , c ab b ag e , 
to b a c c o , h o n e y su c k le , w h ite  o a k , g rape and o th e r s . The p a rtia lly  puri­
f ied  enzym e from to b acco  le a v e s  c a ta ly z e d  th e  ox idation  of g ly co lic  
p o ss ib ly  through g lyoxy lic  to  formic a c id  and carbon  d io x id e . The 
enzym e w as not found in  e tio la te d  p lan ts  and w as found on ly  in  p lan ts  
w h ich  had  b een  exposed  to  l ig h t .  H ow ever, Kun (1952) found th e  o x i­
d a se  in  M am m alian liv e r  and ob ta ined  ev idence  th a t  the  enzym e w a s  a 
f lav o p ro te in .
Z e litch  (1953) iso la te d  g ly co lic  a c id  o x id ase  from sp in ach  le a v e s  
and found i t  to  be a  flavop ro te in  w ith  FMN a s  a p ro sth e tic  group (la te r  
confirm ed by Frigerio  and  H arbury, 1958). I t  w as in d ic a te d  th a t 
g ly co lic  or 1- la c t ic  a c id s  w ere ox id ized  to  g lyoxy lic  or pyruvic a c id s , 
re s p e c tiv e ly , w ith  th e  production  of hydrogen perox ide . In  th e  ab sen ce  
of c a ta l a s e , hydrogen perox ide re a c te d  w ith  g lyoxy lic  or pyruvic to  
y ie ld  form ic or a c e tic  a c id s ,  re s p e c tiv e ly , carbon dioxide and  w a te r .
Further work by Z elitch  (1953) rev e a le d  ano ther enzym e g lyoxylic
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a c id  red u c ta se  w h ich  reduced  g lyoxy lic  to  g ly co lic  a c id  by reduced  
pyrid ine  n u c le o tid e . A m ixture of th e  o x id a se , re d u c ta s e , and c a ta la s e  
w as su g g ested  to  a c t  a s  a p o ss ib le  hydrogen carrie r sy s tem  from pyrid ine  
nuc leo tide  to  oxygen . The c ry s ta llin e  g lyoxy lic  a c id  red u c tase  from 
to b acco  le a v e s  w as found to  be  sp e c if ic  for DPN (Z elitch , 1955).
Z e litch  observed  th a t  g lyoxy lic  ac id  re d u c ta se  w ould reox id ize  DPNH 
produced by w ay  of g lu co se  dehydrogenase and  perm it th e  oxidation  of 
g lu co se  to  g lu c o n a te . Some in h ib ito rs  of g ly co lic  a c id  ox idase  w ere  
°£“ h y d ro x y -su lfo n a te s  (Z elitch , 1957), sodium  hydroxym ethane s u l­
fonate  (CH2 OH -  SO3  N a), a ce ta ld eh y d e  b is u lf i te ,  g lyoxy la te  b is u lf ite , 
and sodium  b isu lf ite  w hich  w ere  eq u ally  e ffe c tiv e . I t  w as su g g ested  
th a t b isu lf ite  u sed  a lone  re a c ts  w ith  g ly o x y la te  produced for in h ib itio n .
Benson and  C a lv in  (1950) and Schou e t a l  (1950) have shown th a t
g ly co lic  ac id  b u ild s  up f a s t  during p h o to sy n th es is  and  s ta y s  up in  th e
lig h t bu t th e  co n cen tra tio n  f a l ls  in  th e  d ark . G riffith  e t a l (1959)
dem onstrated  th a t rad io ac tiv e  g ly co la te  w as sy n th e s iz e d  from D -  
14rib o se  -1 -C  w hen th e  sugar w as m etabo lized  by to b ac co  leav es  in  
th e  lig h t and in  th e  d a rk , h o w ev er, th e  to ta l  am ount sy n th e s iz e d  w as 
g rea te r  in  th e  l ig h t .  Z e litch  (1958) perm itted  le a v e s  to  ta k e  up 
°C- hydroxy su lfo n a te s  and found th a t g ly co lic  a c id  accum ulated  to  te n  
tim es i t s  norm al le v e l during p h o to sy n th e s is . The accum ulation  took  
p lace  only  in  th e  l ig h t .  Brown (1953) h a s  in d ic a te d  th a t  oxygen up take  
by g reen  le a v e s  w as th e  sam e in  lig h t and  in  d a rk n e s s . Z elitch  su g ­
g e s te d  th a t re sp ira tio n  in  su n lig h t p o ss ib ly  in  la rg e  p a rt took p lace
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through th e  g ly co lic  a c id  o x id ase  sy s te m .
Z e litch  (1959) h a s  show n th a t  g ly co lic  a c id  o x id ase  a c tiv ity  w as 
su ffic ie n tly  h igh  for m ed iation  of th e  to ta l  oxygen u p ta k e . A ctiv ity  w as 
h igher in  o ld er than  in  young le a v e s .
C a ta la s e  and P erox idase  in  P lan t T is su e s
In  e tio la te d  b a rle y  se ed lin g s  c a ta la s e  a c tiv ity  w as g rea tly  d e ­
p re s se d  by exposu re  to  ligh t (Appleman et a l ,  1955). W hen p lac ed  under 
co lo red  lig h ts  (red an d  blue) i t  w as no ted  th a t  minimum c a ta la s e  a c tiv ity  
co in c id e d  w ith  maximum chlorophyll sy n th e s is  in  bo th  c a s e s .  U nder b lue  
lig h t c a ta la s e  a c tiv ity  d e c rea se d  to  a  much g rea te r  ex ten t th a n  th a t under 
red  l ig h t ,  b lu e  ligh t appearing  d e s tru c tiv e  to  c a ta la s e .  In  e tio la te d  
b ro ad lea f p la n ts  c a ta la s e  a c tiv ity  w a s  le s s  th a n  in  g reen  t is s u e  homo>~ 
g e n a te s .
C lay to n  (1960a, b) repo rted  s tu d ie s  on th e  induced  sy n th e s is  of 
c a ta la s e  in  RhodopBeudomonas s p h e ro id e s , a  fa c u lta tiv e  pho to h eterb tro p h . 
C a ta la s e  sy n th e s is  w a s  induced  by  a e ra tio n . In  c u ltu res  grown 
an ae ro b ic a lly  in  l ig h t , c a ta la s e  c o n s titu te d  approxim ately  0 . 0 0 2  per 
c en t dry w eigh t of th e  c e ll m a s s . In  c o n tra s t ,  c a ta la s e  c o n s titu te d  a s  
h igh  a s  0 .3  p e r  cen t dry w eigh t in  ae ro b ic  c u ltu re s . In  c u ltu res  grown 
an ae ro b ic a lly  a  v igorous sy n th e s is  o f c a ta la s e  occurred  w hen a e ra te d . 
Induced  sy n th e s is  of c a ta la s e  rpqu ired  a so u rce  of n itro g en , carbon , 
and  e n e rg y . T hese fac to rs  su g g e s te d  th a t p ro te in  of new ly formed 
c a ta la s e  is  sy n th e s iz e d  de n o v o .
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S izer (1944) s tu d ied  the  e ffec t o f tem perature  on th e  ra te  of In ­
a c tiv a tio n  of c a ta la s e .  At 15 to  20° C c a ta la s e  a c tiv ity  w a s  lin e a r  w ith 
no apparen t in a c tiv a tio n  for e ig h t m in u te s . At h igher tem pera tu res in a c ti­
v a tio n  occurred  w ith in  about 5 m in u te s .
Tourneau (1955) found th a t  w h eat seed lin g s  in fec ted  w ith  stem  ru s t 
gave a  sharp r i s e  in c a ta la s e  a c tiv ity  a t  th e  tim e u red iospores w ere 
form ed. In a r e s is ta n t  v arie ty  c a ta la s e  a c tiv ity  w as in c re a se d  approxi­
m ately  2 0  per c e n t follow ing in fec tio n  and th en  p a ra lle led  con tro l p lant 
a c t iv i ty .
The e ffec t of chem ical trea tm en t of p lan ts  on th e  follow ing c a ta la s e  
a c tiv ity  in  the le a f  t i s s u e  w as s tu d ied  by Landon (1934). W atering  p lan ts  
w ith  0 .1  M th io u rea  24 hours p rio r to  c a ta la s e  determ ination  reduced 
a c tiv ity  about 65 per c e n t .  O ne molar ammonium su lfo cy an a te  gave 
s lig h tly  more in h ib itio n . C h lorate  c a u se d  very  l i t t le  ch an g e . Heim et a l 
(1956) found th a t  am itrol c au se d  d e c re a se s  i n  c a ta la s e  a c tiv ity  of ce rta in  
p la n ts .  Reductions in  ch lo rophy ll co n ten t and c a ta la s e  a c tiv ity  w ere ob­
served  follow ing ap p lica tio n  o f am itrol to  le a v e s  of p o ta to , b a rley  and 
sun flow er. Palm er and  P o rte r (1959) ob se rv ed  th a t  c a ta la s e  a c tiv ity  in  
contro l germ inated  tu b e rs  of n u t g ra s s  w a s  18 .5  tim es h igher th a n  in  
tu b ers  trea te d  w ith  am itro l at co n cen tra tio n s  to  in h ib it germ ination . Pyfrom 
e t a l (1957) a ls o  s tu d ied  the e ffe c t of am itrol on  a c tiv ity  of c a ta la s e  and 
ch lorophyll co n ten t of po tato  p la n ts  and  barley  l e a v e s . S ince  th e re  ap ­
peared  to  be a  c lo se  c o rre la tio n  be tw een  chlorophyll and c a ta la s e
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c o n te n ts , I t  w as though t th a t sy n th e s is  of th e  porphyrin s tru c tu re  w as 
be ing  u p se t by am itro l.
P erox idase  occu rs in  m any p lan ts  o ften  in  re la tiv e ly  h igh  co n cen ­
tra t io n s .  I t  is  a c t iv e , in  th e  p re sen c e  of hydrogen perox ide , in  o x id iz ­
ing  a  w ide v arie ty  of m ono- and d iphenols and  arom atic  a m in e s . For 
in s ta n c e , a c tiv ity  of th is  enzym e can  be  e s tim a te d  by ox idation  of 
pyrogallo l to  purpurogallin  and w a te r w ith  th e  evo lu tion  of carbon  
d iox ide (Bonner, 1950).
F lee t (1959) o bserved  th e  lo c a liz a tio n s  o f pe rox idase  in  p lan t 
t i s s u e s .  P erox idase  w a s  d e te c tib le  in  a ll  t i s s u e s  but w as co n cen tra ted  
in  th e  p rim ord ia. P erox idase  w a s  d e te c tib le  in  advance  of or accom pany­
ing  c e ll  d iv is io n  p h a se . The d ec lin e  w as a s s o c ia te d  w ith  in c reas in g  
p h en o lase  w hich  ox id ized  pheno ls in  th e  a b se n c e  of hydrogen p e ro x id e . 
No p h en o la se  a c tiv ity  cou ld  be  observed  in  young c e l ls  c lo se  to  th e  
m eristem . F lee t in d ic a te d  th a t  pe rox idase  a c tiv ity  d ec lin ed  in  a ll  
t i s s u e s  ex cep t th e  phloem . H e p o s tu la te s  th a t  phloem  pero x id ase  co n ­
s t i tu te s  a  con tinuous sy stem  b e tw een  prim ordia and is  func tiona l in  
c a ta ly z in g  th e  red u c tio n  of hydrogen a cc ep to rs  e s s e n t ia l  to  c e l l  d iv is io n .
Heim e t a l (1956) have  show n th a t  p e ro x id ase  a c tiv ity  d e c re a se d  
som ew hat th re e  hours a fte r  inj e c tio n  of am itro l in to  r a t s , but a c tiv ity  
re tu rned  to  norm al a fte r 24 h o u rs . Palm er and P orter (1959) in d ic a te d  
th a t  am itro l trea tm en t o f nut g ra s s  tu b e rs  in h ib ited  germ ination  and a p ­
paren tly  h e ld  th e  a c tiv ity  of p e ro x id ase  a t abou t th e  sam e le v e l of 
a c tiv ity  a s  th e  dorm ant tu b e r s . G erm inated con tro l tu b e rs  in c re a se d
15
th e  p e ro x id ase  le v e l to  2 .5  tim es th a t  in  th e  dorm ant tu b e rs .
L ipoxidase  and  O xidation  of U n sa tu ra ted  F atty  Acids
The know n n a tu ra l occurring u n sa tu ra ted  fa tty  a c id s  have  th e  firs t 
double bond a t th e  9 to  10 carbons a s  in  o le ic ,  l in o le ic , l in o le n ic , and 
r ic in o le ic . A utoxidation of th e s e  com pounds h a s  long been  known to  
occu r sim u ltan eo u sly  w ith  som e d e c re a se  in  amount o f u n sa tu ra tio n . 
This w as ta k e n  to  su g g e s t th e  add ition  of oxygen to  a double bond to  
y ie ld  c y c lic  perox ides (BergstrBn e t a l ,  1952), how ever, th is  ty p e  of 
peroxide h a s  never b een  is o la te d .
A num ber of prim ary products have b e en  is o la te d  in  pure form and 
show n to  re ta in  th e  double bond in  th e  a lpha  p o s it io n . Farmer and 
a s s o c ia te s  (1943) have  su g g ested  a  free  ra d ic a l m echanism  to  exp la in  
th e  p roduction  of hydroperoxides a t  carbons 8 , 9 , 10, or 11. They 
dem onstra ted  th a t 1 , 2 -d im e th y l-1 -cy c lo h ex en e  y ie ld ed  two ty p es  of 
hyd roperox ides, 1 ,2 -d im e th y l-3 -p e ro x id e -l-cy o k > h ex en e  and 2 ,3 -  
d im e th y l-3 -p e ro x id e -1 -c y c lo h e x e n e . In  both  c a s e s  th e  peroxide group 
is  a lpha  to  th e  double bond .
The work w ith  m ethy lene-in terrup ted  double bonds su g g est a  free 
ra d ic a l ty p e  m echanism  sim ila r to  th a t  p roposed  by Farm er. T hese 
ra d ic a ls  w ere s ta b iliz e d  through re so n a n c e . This w as  supported  by  the  
iso la tio n  of 9 -  and 13-hydroxy s te a ra te s  and c o n ju g a te d  doubly un ­
sa tu ra ted  com pounds follow ing th e  ox id a tio n  of l in o le a te .
In  1932, a fa t-o x id iz in g  enzym e system  in  so y b ean s w as
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d isco v ered / to  w hich  th e  name lip o x id ase  w a s  a p p lied . The d is trib u tio n  
of lip o x id ase  is  now known to  be w id esp read  in  nature  occurring in  so y ­
b e a n s , w h ite  b e a n s , a lfa lfa  and o ther legum e se e d , rad ish  and po tato  
ju ic e ,  co rn , p e a s ,  and se v e ra l o ther p lan ts  o f S o lanaceae  and  Labiate 
fam ilies (Bergstrom et a l ,  1952; F ritz  e t a l ,  1955).
The soybean  lip o x id ase  a c tiv ity  began  to  d e c rea se  on th e  second  
day a fte r p lan ting  (Holman, 1948). There w a s  a lso  a  sim ultaneous d e ­
c re a se  in  lin o le ic  and lin o le n ic  ac id  con ten ts of the  f a t .  S tud ies on 
su b s tra te  sp e c if ic ity  have show n th a t  l in o le ic , l in o le n ic , and  a rach id ic  
a c id s  and th e ir  e s te rs  w ere  a l l  ox id ized  a t th e  sam e r a t e s . Fatty  a c id s  
w ith  con jugated  sy stem s w ere  not a tta c k e d . The im portant p roperties a p ­
peared  to  be  a t le a s t  tw o -fo ld . F irs t ,  the f i r s t  double bond m ust occur 
8 to  9 carbons aw ay from th e  carboxyl or e s te r  group and second  the  
dem onstra tion  th a t th e  m ethy lene-in terrup ted  dou b ly -u n sa tu ra ted  system  
w as n e c e s sa ry . Inh ib ito rs o f lip o x id ase  w ere  l is te d  a s  pyrophosphate , 
c y an id e , a z id e , fluo ride , m ercury io n s , d ie c a , and p o ly p h en o ls . 
H ydroquinone w as found to  be  a sp e c if ic  in h ib ito r.
A com parison  of fa tty  ac id  co n ten ts  of soybean  (Holman, 1948) 
and ico tton  co ty ledons (W hite, 1958) during germ ination  and early  de­
velopm ent of seed lin g s  su g g ested  to  th e  rev iew er th a t very  sim ila r 
p ro c e sse s  w ere  involved  in  re la tio n  to  fa tty  a c id  o x id a tio n . The to ta l  
fa t con ten t o f co tton  co ty ledons dropped abou t 90 per c e n t in  5 days 
a fte r  p lanting  w h ile  about 15 days w a s  needed  for soybean  c o ty le d o n s .
In  bo th  c a s e s  th e  per c 6 n t of lin o le ic  d e c rea se d  and sa tu ra te d  ac id
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rem ained  s te a d y  for 4 day s th en  d ro p p ed . L inoleic  a c id  appeared  to  be  
p re fe ren tia lly  u til iz e d  in  bo th  c a s e s .
Anatomy of Young C otton  P lan t
The anatom y of th e  co tton  p la n t h a s  b een  s tu d ied  qu ite  ex te n s iv e ly  
by se v e ra l w orkers (W ebber, 1938; R eed, 1917; R eeves and V alle , 1932). 
The p lan t sh e d s  i t s  se e d  c o a t a t o r ju s t  a fte r  em erg en ce . The co ty ledons 
a re  very  s im ila r to  a  le a f  in  th e ir  anatom y ex cep t the  c e l ls  a re  more com ­
p a c t in  th e  spongy la y e r . They c o n ta in  very  prom inent re s in  c a v itie s  and 
re se rv e  fo o d s , inc lud ing  a leu rone  and  fa t g lo b u le s .
In  su rface  v iew  th e  ordinary  ep iderm al c e l ls  over th e  chlorenchym a 
of th e  true  le a f  a re  stra igh t--w alled  bu t a re  very  s in u a te  on th e  low er 
ep id e rm is . O ver ly s ig e n o u s  c a v itie s  in  th e  m esophy ll, th e  epiderm al 
c e l ls  a re  c o n ce n tr ica lly  arranged  and  ap p ea r sm alle r th a n  surrounding 
c e l l s . In  c ro s s  se c tio n  th e  upper ep iderm al c e l ls  are  b rick  shaped  and  
th e  ou ter w a lls  a re  c u tin iz e d . The c u tic le  of th e  co ty ledon  is  som ew hat 
th ic k e r  th an  th a t  on a  th re e  w eek o ld  le a f .
S tom ata a re  p re se n t on  both  th e  upper and low er ep iderm is of th e  
le a f  and  c o ty le d o n . Rough coun ts under low  pow er of m icroscope  in d i­
c a te d  th a t  approxim ately  th re e  tim e s  a s  m any w ere  found on th e  low er 
a s  on th e  upper e p id e rm is .
The p a lis a d e  parenchym a u n d e rlie s  th e  epiderm is of only th e  upper 
su rface  of th e  le a f  oCBfeltapine 15 v a rie ty  of c o tto n . H ow ever, i t  h a s
b een  repo rted  th a t p a lisa d e  parenchym a occu rs ben ea th  both  upper and 
low er epiderm is of A sia tic  c o tto n s . In  th e  p a lisa d e  reg ion / th e  c e lls  
a re  very much e lo n g a ted  so th a t  th is  la y e r  com prised  about o n e -th ird  
to  o n e -h a lf  th e  th ic k n e s s  of th e  le a f . The spongy c e l ls  a re  more lo o se ly  
a rran g ed , w ith  num erous in tra c e llu la r  s p a c e s .
i
METHODS AND MATERIALS
I .  The H erbicide
D lcryl i s  th e  common name for N -(3 ,4 -d ich lo ro p h en y l) m etha­
c ry lam id e . I t  i s  a  w h ite  powder w hich  is  q u ite  in so lu b le  in  w a te r 
^(maximum about 10 ppm ). It is  so lu b le  in  iso p h o ro n e , p y rid in e , ace to n e  
and various a lc o h o ls . D icryl h as  a  m olecu lar w eight of 230 .09  and a 
s tru c tu ra l form ula as fo llow s i
9  9 h 3
H—N ^ -C -C  = CH2
Cl
C l
The com m ercial em u lsifiab le  co n ce n tra te  of d icry l co n ta in s  is o ­
pho rone, w e tting  a g e n t, and an  em u ls ifie r . T his em u lsifiab le  c o n c e n -
•  t f
t r a te  w as u sed  to  p repare  th e  spray so lu tio n s  for th e s e  s tu d ie s  u n le ss  
s ta te d  o th e rw ise . Isophorone h as th e  fo llow ing structu re :
CH
II . Grow th of P la n t M ate ria l
C otton  w a s  p lan ted  in  f la ts  in  th e  g reenhouse  and  allow ed  to
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develop  for 5 to  6 d a y s . At th is  tim e appropria te  f la ts  w ere  tre a te d  w ith  
d icry l a t 3 lb /A  b ro a d c a s t d irec tly  over th e  top  of th e  p la n ts . T hese f la ts  
w ere  im m ediate ly  tran sfe rred  along  w ith  u n trea ted  p lan ts  to  g row th  room s. 
The room s w ere m ain tained  a t approxim ately  30° C and  500 foot c an d les  
of lig h t from a  com bination  of f lu o rescen t tu b e s  and in ca n d esce n ce  
b u lb s . The various enzym e s tu d ie s  w ere  conducted  a t in te rv a ls  over a 
period  of e igh t days follow ing trea tm en t u sin g  co ty ledon  t i s s u e .  In 
s tu d ie s  involv ing  th e  f irs t  tru e  le a f ,  th e  p la n ts  w ere  tre a te d  on th e  ten th  
or e lev en th  day a fte r  p lan ting  and tra n s fe rre d  to  growth room s a t th is  
t im e .
III . P repara tion  o f T issu e  for R esp irato ry  Experim ents
A. T issu e  S lic e s
S ev era l p lan ts  w ere  s e le c te d  a t  random  and co ty ledons or le a v e s  
w ash ed  in  w a te r , b lo tte d  w ith  a  paper to w e l, se c tio n ed  w ith  a  su rg eo n 's  
sc a p e l in to  p ie c e s  about 1 /4  in ch  w ide  and 1 /2  inch  lo n g . Randomly 
se le c te d  p ie c e s  w ere  u se d  in  e ac h  re sp ira to ry  s tu d y . '“The p ie c e s  w ere 
w eighed  and  p laced  in  W arburg v e s s e ls  o r in  b eak ers  for vacuum  in ­
f iltra tio n .
B. Vacuum In filtra tio n
In  experim ents involv ing  th e  u se  of re sp ira to ry  in h ib i to rs , th e  
m ate ria ls  w ere  vacuum  in f il tra te d  in to  th e  t i s s u e .  A fter p repara tion  of 
th e  t is s u e  s l i c e s ,  th ey  w ere  im m ersed in  a  b eak e r con ta in ing  th e  ap ­
propria te  so lu tio n . B eakers th u s  p repared  w ere  p laced  in  a  vacuum
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d e s ic c a to r  a tta c h e d  to  a  w a te r  s u c tio n . A vacuum  w a s  a p p lied  to  th e  
d e s ic c a to r  for 10 m inutes and th e n  re le a s e d  s lo w ly . The vacuum  w as 
th e n  rea p p lie d  for 1 0  m in u tes , slow ly  re le a s e d , t i s s u e  rem oved , b lo tte d , 
and  p lac ed  in  W arburg v e s s e l .  The su c ro se -p h o  sp h a te  buffer in  th e  
W arburg v e s s e l  a ls o  co n ta in ed  th e  in h ib ito r .
C . C arbon M onoxide S tud ies
T issu e  s l ic e s  w ere  p repared  and p la c e d  in  W arburg v e s s e ls  a s  
d e sc rib e d  ab o v e . The v e s s e ls  w ere  th e n  a tta c h e d  to  th e  m anom eters 
w ith  sto p co ck s open and each  f la sk  flu sh ed  w ith  approxim ately  2 l i te rs  
of g a s  m ixture con ta in ing  95 per cen t carbon  m onoxide and 5 per cen t 
oxygen  (under h o o d ). At th e  end of th e  flu sh ing  period  th e  s topcocks 
w ere  im m ediate ly  c lo se d  in  su c h  a  m anner to  lea v e  a  p o s itiv e  p ressu re  
in  th e  f la s k . The m anom eters w ere  p laced  on  W arburg appara tu s and 
a fte r  eq u ilib ra tio n  th e  e x c e s s  g a s  w as ca re fu lly  le t  o u t.
IV. P repara tion  of H om oqenates and S upernatan ts
Two gram s of t is s u e  s l ic e s  w ere  p lac ed  in  an  omni m ixer follow ed 
by  10 ml of app ropria te  buffer so lu tio n . The t i s s u e  w as ground for 10 
m inutes u sin g  a  b eak e r of ic e  in  w a te r  a s  a  b a th  to  m ain tain  th e  
tem pera tu re  of th e  grinding  v e s s e l  below  5° C .  The v e s s e l  w as  r in se d  
w ith  buffer and  th e  volum e m ade up to  30 ml (2 g F W  in  30 m l). The 
crude hom ogenates co n ta in ed  very  few  w hole c e l l s , th e s e  b e ing  p rin ­
c ip a lly  epiderm al and  fib e r c e l ls  * A p ip e tte  w ith  a  b roken t ip  w as u se d  
to  p la c e  hom ogenate in  W arburg v e s s e l s . T hese  hom ogenates w ere  u sed
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im m ediately a f te r  p reparatiom for enzym e a s s a y s .
In  c e r ta in  s tu d ie s  a s  in d ic a te d , th e  su p e rn a tan t a t 1000 x  g for 7 
m inutes at 0° C w as u sed  for enzym e so u rc e .
V. D eterm ination  of O xygen U ptake and C arbon D ioxide Production
Oxygen up take  or evo lu tion  and  carbon d ioxide evo lu tion  of t is s u e  
s l ic e s  and hom ogenates w ere determ ined by using  a W arburg re sp irom eter 
and  conven tiona l m ethods d escrib ed  by  Umbreit e t a l (1949). D up lica te  
f la sk s  w ere run  for e ach  trea tm en t. Except th o se  experim ent in  w h ich  
th e  sp ec ific  tem pera tu re  is  g iv en , a l l  of th e  o thers w ere  conducted  a t 
25° C . To f la s k s  in  w hich oxygen up take  a lone  w as determ ined , a sm all 
p iec e  of fo lded f ilte r  paper and  .15 ml of 20 per cen t KOH w ere p lac ed  in  
th e  cen te r w e l l .  F la sk s  contain ing  t i s s u e  s l ic e s  a lso  rece iv ed  2 ml of 
su c ro se -p h o sp h a te  buffer so lu tio n  w h ich  w as .02  M and .05 M w ith  re ­
gard  to  su c ro se  and p o tassiu m  p h o sp h a te , re s p e c tiv e ly .
M anom eter read ings w ere  g en era lly  recorded  a t  15 minute in te rv a ls  
for 1 to  2 hours u n le s s  o therw ise  s ta te d .  Oxygen up take  (Q0 2 ) and  carbon 
d iox ide  (QCO2 ) evo lu tion  a re  e x p re sse d  a s  m icro lite rs  per hour per gram  
fresh  w e ig h t, Q o 2 (N) and Q C 0 2 (N) a s  m icro lite rs  g a s  per hour per mg 
t i s s u e  n itro g en , and Q o2 (Coty) a s  m icro lite rs  g a s  p e r hour per c o ty led o n .
VI* E stim ation  of Enzyme A ctiv ity
A. A scorbic Acid O xidase
A 3 ml a liq u o t o f hom ogenate w a s  added  to  th e  m ain com partm ent
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o f a  W arburg f la s k  and  .5  ml of .12 M asco rb ic  ac id  w a s  p laced  in  the  
s id e  a rm . All o f the  in g red ien ts  w ere  prepared  in  .05 M p o tassium  p h o s­
p h a te  w hich  w a s  a d ju s te d  to  pH 6 with. KOH. After a  15 minute e q u ilib ra ­
t io n  period  th e  m anom eters w ere  s e a le d , reco rd ed , and  a sco rb ic  acid  
tip p e d  in to  th e  m ain com partm ent a t z e ro  tim e . M anom eter read ings 
w ere  th e n  reco rded  a t  15 m inute in te rv a ls .
B . Po lypheno lox idase
A 3 ml a liq u o t o f hom ogenate w a s  added to  the  m ain com partm ent 
o f a W arburg f la s k  and  .5  ml o f .12 M ca tech o l added to  th e  s id e  arm . 
The pH of th e  so lu tio n s  w as 6 . A fter 15 m inutes equ ilib ra tion  th e  
c a te c h o l w as tip p e d  in to  the  hom ogenate and m anom eter read ings w ere 
reco rd ed  a t 15 m inute in te rv a ls .
C .  Cytochrom e O xidase
A 3 ml a liq u o t o f hom ogenate w a s  p laced  in  th e  m ain com partm ent 
o f th e  double arm  W arburg f la s k .  O n e-h a lf ml o f 2 x  10“ ^ M cytochrom e 
c  and .5  ml of .12  M p -pheny lened iam ine  w ere  p laced  in  se p a ra te  side  
arm s of th e  f la s k .  T hese  so lu tio n s w ere  a d ju s te d  to  pH 7 ju s t  p rio r to  
a d d itio n  to  th e  f la s k .
D . G ly co lic  A cid O xidase
For th e s e  s tu d ie s  a  hom ogenate su p e rn a tan t of 1000 x  g for 7 
m inu tes w a s  u se d  as th e  enzym e so u rc e . A 3 ml a liq u o t of supernatan t 
w a s  added  to  th e  m ain com partm ent of th e  W arburg f la sk  and  .5  ml of 
.1 4  M g ly c o lic  ac id  or la c tic  a c id  w a s  p laced  in  the  s id e  arm . T hese 
so lu tio n s  w ere a d ju s te d  to  pH 7 .8  befo re  adding to  th e  f la sk  ex cep t in
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stu d ie s  involv ing  optimum pH d e te rm in a tio n s , A sm all fo lded  f i l te r  paper 
and .15 ml of 20  per c e n t KOH w a s  p la c e d  in  th e  cen te r w e l l .  A fter 
equ ilib ra tion ! th e  c o n ten ts  of th e  s id e  arm w a s  tip p ed  in to  th e  m ain 
com partm ent and oxygen up take  rec o rd ed ,
E . C a ta la se
A m odified procedure of Applem an (1951) w as u s e d . The m ain 
com partm ent of th e  W arburg f la sk  re c e iv e d  2 ml of H2 O2 (final co n cen ­
tra tio n  10 mM). One ml of d ilu ted  enzym e p repara tion  (10 -fo ld  dilu tion) 
w as ad d ed  to  th e  s ide  a rm . The enzym e p repara tion  w as a  superna tan t 
of hom ogenate of 1000 x  g for B m in u te s . A fter eq u ilib ra tio n  in  a  20° C 
w a te r b a th , th e  enzym e w as tip p ed  in to  th e  m ain com partm ent and 
oxygen production  reco rded  a t one m inute in te rv a ls  for 1 0  m in u te s ,
F . Perox idase
The hom ogenate su p ern a tan t o f 1000 x  g for 7 m inu tes w as  u sed  
a s  th e  enzym e so u rc e . A m anom etric p rocedure  g iven  by E ttori (1949) 
w as u s e d .  The m ain com partm ent re c e iv e d  th e  follow ing: .2  ml o f 5 
per c en t p y ro g a llo l, 1 .5  ml of H 2 O and .2  ml of 1 per c en t H 2 O2 . A 
.2  ml a liq u o t of enzym e e x tra c t and .5  ml o f po tassium  p h o sp h a te  buffer 
w ere  ad d ed  to  th e  s id e  arm . After e q u ilib ra tio n  th e  enzym e w as tip p ed  
in to  th e  main com partm ent and m anom eter read in g s reco rd ed  a t one 
m inute in te rv a ls  • A seco n d  s e t  of d u p lic a te  f la sk  w ere in c lu d ed  in  
w hich a lk a li  and  a  sm all p ie c e  of f i l te r  p ap er w ere p la c e d  in  th e  cen te r 
w e ll .  T hese a d d itio n a l f la sk  gave  an  e s tim a tio n  of th e  oxygen  produced 
by  c a ta la s e  a c tiv ity  w hich  had  to  b e  a cc o u n te d  for in  th e  to ta l  g a s
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production  of th e  o ther f la s k . A lthough th e s e  co n d itio n s  w ere  not th e  
b e s t  for m easurem ent o f c a ta la s e  a c tiv ity  c o n s id e ra b le  oxygen pro­
d uc tion  o ccu rred .
The a c tiv ity  of p e ro x id ase  i s  e x p re sse d  in  term s of carbon  dioxide 
p roduction  Ih  th e  co nversion  of py rogallo l to  p u rp u ro g a llin . The overa ll 
re a c tio n  i s  a s  fo llow s:
2 GgHgOg + 3 H2O2 **'— — + 5 H2O + CO2  
From th is  eq u a tio n  i t  c a n  be c a lc u la te d  th a t  th e  form ation of one mg of 
purpurogallin  should  a ls o  g ive  r i s e  to  1 0 2  u l o f CO 2 .
G . P ec tin  M e th y le s te ra se  (PME)
A m odified procedure  of I in ew e av e r and B allou a s  d e sc rib e d  by 
Bryan and Newcomb (1954) w as u s e d .  The fo llow ing m ate ria ls  w ere 
added  to  a  100 ml b eak er: 25 ml of 1 p e r c en t p e c tin  (Eastm an c itru s  
p e c t in #  p~2569), 3 ml o f 1 M C a C ^ /  20 ml o f w a te r  and th e  re a c tio n  
s ta r te d  by  adding  2 ml o f hom ogenate su p e rn a tan t of 1 0 0 0  x  g for 7 
m in u te s . G la s s  d is t i l le d  w a te r w a s  u se d  to  p repare  a l l  so lu tio n s . 
Im m ediately  a fte r  in troducing  th e  enzym e in to  th e  f la s k ,  th e  pH w as 
a d ju s te d  to  7 w ith  .1  N NaOH, th e n , t i t r a te d  a t in te rv a ls  w ith  .01  N 
NaOH and volum e reco rded  every  10 m in u te s . The a c tiv ity  w as e x p re ssed  
a s  ml of .01  N NaOH n e c e ssa ry  to  n e u tra liz e  th e  a c id  groups produced by 
d e -e  s te r if ic a t io n .
H . L ipoxidase
l in o le ic  a c id  w a s  d is so lv e d  in  m ethyl a lc o h o l and  w ith  rap id  
s tirr in g  th e  m ethyl l in o le a te  w a s  added  to  ammonium ch lo ride  -  ammonium
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hydroxide buffer ( .1  N w ith  re s p e c t to  NH4 +) a t pH 9 to  form a so lu tion  
w hich  w as .002 M w ith  re s p e c t to  l in o le a te .
A .5  ml a liq u o t of hom ogenate su p ern a tan t (1000 x  g for 7 m inutes) 
w as  p laced  in  th e  s id e  arm of th e  Warb.urg f la sk  and  3 ml of lin o le a te  
p repara tion  added  to  m ain com partm ent. After eq u ilib ra tio n  th e  su p e r­
n a ta n t w as tip p e d  in to  th e  m ain com partm ent and  read in g s  reco rded  a t 
15 m inute in te rv a ls .
VH. N itrogen  D eterm ination
P ro tein  n itrogen  in  hom ogenates w as  determ ined  by a m odified 
procedure of H ille r and o thers (1948).
A . D ig estio n
A g ra in  of CuSe0 4  (ca ta ly s t)  w a s  p laced  in  th e  K jeldahl f la s k . 
Then, e igh t ml o f d ig es tio n  m ixture (500 ml of H2 O + 75 g of N a2S0 4  + 
500 ml co n cen tra ted  H2 SO4 ) and  sam ple  (3 ml of hom ogenate or a p ­
proxim ately  200 to  300 mg of t is s u e )  w ere  added  to  th e  f la s k .  The 
sam ples w ere d ig e s te d  u n til 5 m inutes a f te r  c lea rin g  w ith  m oderate 
h e a t ,  a llow ed  to  c o o l, and  th e n  2 0  ml of d is t i l le d  w a te r  w a s  added  to  
th e  f la s k .
B, D is ti lla tio n
Ten ml of 2 per cen t b o ric  a c id  (2 g /9 8  ml) w as p laced  in  th e  
recep to r f la sk  to  trap  th e  ammonia and  tw o drops of m ethyl red  (indi­
cator) .w as added  for t i t ra t io n  p u rp o se s .
Bubbles w ere  s ta r te d  in  d is til l in g  f la sk  and  th e n , th e  d ig es tio n
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m ixture w a s  added  through th e  funnel and fo llow ed w ith  15 ml o f  40 per 
cen t NaOH (300 ml o f H2 O + 200 g of NaOH p e l le t s ) .  The b o ric  ac id  
f la sk  w as Im m ediately  r a is e d  to  o b ta in  su rface  bubb les in  th e  so lu tio n . 
The b u b b les  w ere  m ain tained  for one m inute a f te r  trap  so lu tio n  becam e 
c o lo r le s s ; th e n , th e  recep to r f la sk  w a s  low ered  about one cm below  th e  
o u tle t for 30 seco n d s for drain ing  befo re  rem oving th e  sam p le ,
C . T itra tion
The sam ple w as t i tra te d  b ack  to  the  o rig in a l c o lo r w ith  d ilu te  
ac id  (su lfu ric  a c id  w ith  a c id  fac to r equal to  0 .1 2 4 ) . The ml of ac id  
requ ired  tim es  0 .1 2 4  eq u a ls  th e  mg of n itrogen  in  th e  sam p le .
VM . H ypocotvl S tra igh t Growth T e s t .
C o tto n  se ed  w ere  p lan ted  in  f la ts  of s o i l  and p la c e d  in  Avena room 
in  th e  d a rk . The se e d s  w ere  a llo w ed  to  germ inate  and  grow for 3 i / 2  to  
4 days a t  25° C and  90 per c en t re la tiv e  hum id ity . At th is  tim e the  
p lan ts  w ith  hypoco ty ls 2 to  3 cm long  w ere s e le c te d  and  5 .8  mm se c tio n s  
cu t 3 mm below  th e  c ro o k . This w a s  a tta in e d  by  cu ttin g  th e  hypoco ty l a t  
th e  c rook , p lac ing  th e  hypoco ty l in  a  d rilled  h o le  in  a  p la s tic  b lock  
w hich  a llow ed  th e  c u t end to  p a s s  3 mm beyond  the  seco n d  razo r b la d e . 
The se c tio n s  w ere  flo a ted  for 3 hours on g la s s  d is t i l le d  w a te r con ta in ing  
1 m g /l  o f MnS0 4 »H2 0 . T hen, te n  se c tio n s  w ere  p la c e d  in  3 ml of s o lu ­
tio n  to  b e  te s te d  w h ich  co n ta in ed  2 p e r cen t su c ro se  p lu s  a  PO4  and 
c itr ic  a c id  buffer a t  pH 5 , In  th is  c a s e  te c h n ic a l  d ic ry l w as u s e d .
The se c tio n s  w ere  in cu b a ted  in .ab o v e  co n d itio n s  for 20 hours and
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m easured  to  th e  n e a re s t 0 . 1  mm by u se  o f a  b in o cu la r and o c u la r 
m icrom eter. This i s  a  s im ila r procedure  to  th a t  d e sc rib ed  by  N itsch  
an d  N itsch  (1956).
IX. Primary Root E longation
C otton  se e d  w ere  p la c e d  on  th e ' su rface  of w e t so il  and  w e t c h e e se  
c lo th  w as u sed  to  cover th em . The se e d s  w ere  a llow ed  to  germ inate  in  
th e  dark a t  25° C and h ig h  hum id ity . At 2 1 /2  to  3 1 /2  days th e  
se e d lin g s  w ere  grouped in to  b a tc h e s  w ith  ra th e r  uniform  len g th  of ro o t .  
The roo ts w ere  m easured  and  p lac ed  in  th e  t e s t  so lu tio n  through a h o le  
in  fo il p a p e r . T echn ica l d icry l w as u se d  in  th e s e  s tu d ie s . Ten p la n ts  
w ere  u se d  in  e ac h  50 ml b eak e r w h ich  w as f i lle d  w ith in  1 /4  in ch  of to p  
w ith  te s t  so lu tio n . All t e s t  so lu tio n s co n ta in ed  a  f in a l co n cen tra tio n  
o f  5 mM Ga(NC>3 )2 / 6 .7  mM KH2 PO4  and w as a d ju s te d  to  pH 5 .9  w ith  
H C1. The roo ts w ere  a llow ed  to  e lo n g a te  for 24 hours and m easu red  to  
n e a re s t  mm. The e lo n g a tio n  w as p lo tted  a g a in s t c o n cen tra tio n  tit IAA, 
d ic ry l/  o r bo th  in  c a se  of th e  com bination .
EXPERIMENTAL RESULTS AND DISCUSSION
I ,  The In fluence  of D icry l on Early Growth and D eyelopm ent
In order to  c o n s is te n tly  e s tim a te  v a rio u s enzym e a c t iv i t ie s , i t  w as 
n e c e ssa ry  to  e s ta b lis h  a  uniform procedure  for grow th of p la n t m ateria l. 
In th i s  c a se  i t  appeared  d e s irab le  to  f irs t determ ine th e  s ta g e  a t w hich 
th e  co ty ledons w ere s tu n ted  m ost w ith  a  fix ed  ra te  (3 lb/A  b ro ad cas t 
over th e  top  o f cotton) of d ic ry l. In  th e se  s tu d ie s  i t  w as observed  th a t 
trea tm en t on th e  fifth  or s ix th  day a fte r  p lan ting  gave  th e  g re a te s t  su p ­
p re s s io n  of co ty ledon  developm en t. In m ost c a se s  th e  p la n ts  began to  
em erge on th e  th ird  day and shed  th e ir  se e d  co a ts  on the  th ird  and 
fourth  day . I t  appeared  th a t  trea tm en t on th e  fourth day had  le s s  e ffec t 
th an  th a t on th e  fifth  or s ix th  day p o ss ib ly  b e c a u se  th e  co ty ledons had  
not com plete ly  unfolded a t  th a t t im e . The co ty led o n s expanded  rapid ly  
during the s ix th  to  e igh th  day a fte r  p lan ting  so  th a t la te r  trea tm en ts  had  
very  l i t t le  e ffe c t on s iz e  of th e  c o ty le d o n s . The in flu en ce  o f d icryl on 
grow th of th e  co ty ledon  i s  shown in  Figure 1A and IB .
The ra te  of developm ent of co ty ledons w as m arkedly su p p re ssed  
by trea tm en t w ith  d ic ry l. Maximum in h ib itio n  of co ty ledon  w eigh t w as 
o b ta in ed  w hen  tre a te d  a t  th e  o n -s e t  of m ost rap id  g row th . P a lis a d e  c e l l  
w id th  w as determ ined by p lac ing  very  th in  se c tio n s  under th e  m icroscope 
and using  an  o cu la r m icrom eter (Figure IB ). The num ber of c e l ls  w ith in  
a  172 u  unit w a s  coun ted  and w id th  per c e l l  c a lc u la te d . From th e se
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B* Dry w eig h t and w id th  of p a lisa d e  c e l l s .
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s tu d ie s  i t  w a s  no ted  th a t c e l l  s iz e  w as a lm ost im m ediate ly  su p p re ssed  
by d ic ry l. The leng th  of th e  p a lisa d e  c e l ls  w as  a ls o  determ ined  w ith  
s im ila r r e s u l t s .  The co ty led o n s rem ained  firm a fte r  trea tm en t w ith  no 
apparen t m alform ations o f th e  t i s s u e .
The e ffe c t of d icry l on  th e  e longa tion  o f th e  f irs t  ln tem o d e  is  
show n in  T able 1 . The tim e  of trea tm en t giving th e  g re a te s t  su p p re ss io n  
of in ternode e longation  co in c id ed  w ith  th a t  w h ich  c a u se d  th e  g re a te s t  
in h ib itio n  of co ty ledon  d ev elo p m en t. The f ir s t  in tem o d e  b eg an  to  
e lo n g a te  on abou t th e  te n th  or e lev en th  day a fte r  p la n tin g . T h u s, any 
la te r  trea tm en ts  w ould have  le s s  e ffe c t on th e  to ta l  len g th  of th is  in te r ­
node , how ever w hen th e  second  in te rnode  w as c o n s id e re d  d ic ry l t r e a t ­
ment on th e  fou rteen th  day had  a  pronounced e f f e c t . The p la n ts  began  
to  reco v er on th e  fourth to  six th  day a fte r  trea tm en t and m arked recovery  
can  be  no ted  by m easurem ents on th e  tw e lfth  d a y .
True le a f  expansion  w as a t  l e a s t  tem porarily  su p p re ssed  by  d icry l 
(Table 2 ) . T hese  re s u lts  w ere  very  s im ila r to  th a t  for in te rnode  e lo n g a ­
t io n .
S ince  enzym es are  c o n s id e re d  n itrogenous i t  i s  g en e ra lly  thought 
a d v isa b le  to  b a s e  enzym e a c tiv ity  on  p ro te in  n itro g e n . C o tton  co ty led o n s 
w ere  found to  co n ta in  q u ite  h igh le v e ls  of n itro g en  (Figure 2A). The 
n itrogen  co n ten t of u n trea ted  co ty led o n s d e c re a se d  s lig h tly  during d e ­
velopm ent in d ica tin g  posB ibly som e movement to  o th er p lan t p a r t s .
S ince  th e  n itrogen  con ten t of t re a te d  co ty ledons rem ained  c o n s ta n t
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Table 1 . The e ffec t of d icry l a t v a rio u s co ty ledon  s ta g e s  on th e  per 
c en t in h ib itio n  of th e  f ir s t  in te rn o d e .
Age of P lan ts  Time A fter T reatm ent
a t  T reatm ent ___________________ 7_D ays______________12 D ays
6 76 53
1 0 54 31
14 -16 -18
Table 2 . The e ffec t o f d icry l a t v a rious s ta g e s  on th e  p e r cen t in h ib i­
t io n  of ex p an sio n  of th e  f irs t  tru e  l e a f .
Age of P lan ts  Time A fter Treatm ent
a t  T reatm ent 7 D ays 12 Days
6 61 35
10 34 26
14 18 8
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th e re  w a s  no ev id en ce  for m ovem ent to  o ther p a r t s . T h u s , com bining 
th e  s tu n tin g  e ffec t an d  im m obility o f n itrogen  com pounds, tre a te d  
co ty ledonary  t is s u e  c o n ta in ed  su b s ta n tia lly  more n itrogen  th a n  con tro l 
t i s s u e  on a  p e r  unit f re sh  w eigh t b a s is  (Figure 2B). T hese  fa c ts  m ust 
be c o n s id e re d  in  s tu d ie s  on enzym e a c t iv i ty .
S im ilar s tu d ie s  w ere c a rried  ou t for th e  f ir s t  true  le a f .  TJie e ffec t 
of d ic ry l on fre sh  w e ig h t and  c e ll  s iz e  i s  show n in  Figure 3 .  There w as 
im m ediate su p p re ss io n  of le a f  ex p an sio n  la s tin g  for se v e ra l d a y s . In  
tru e  le a v e s  th e  n itrogen  con ten t in c re a se d  a s  th e  w eigh t of th e  le a v e s  
in c re a se d  (Figure 4 ) . On a fresh  w eig h t b a s is  th e  n itrogen  accum ulation  
w as su p p re sse d  to  th e  sam e ex ten t a s  grow th in  tre a te d  l e a v e s .
I t  w as no ted  th a t  co ty ledons or tru e  le a v e s  never rea ch e d  th e  fu ll 
s iz e  o f th e  un trea ted ; th ey  ten d ed  to  m ature e a r lie r  and in  som e c a s e s  
th e  c o ty led o n s  dropped off th e  p la n ts  a t  a  much e a r lie r  s ta g e .  This w as 
p a rticu la rly  no ted  fo r tre a te d  p lan ts  le f t  in  th e  g ree n h o u se .
S ince th e re  w a s  a  la rg e  e ffec t of d ic ry l on c e l l  en largem ent i t  w as 
d ec id ed  to  stu d y  th e  e ffec t on s tra ig h t grow th of hypoco ty l s e c t io n s .  
C o tton  w as germ inated  in  th e  dark in  sandy  loam  s o i l .  W hen  th e  h y p o - 
c o ty ls  w ere 2 to  3 cm long , 5 . 8  mm se c tio n s  w ere  cu t beg inn ing  3 mm 
below  th e  c ro o k . A range  of ra te s  o f IAA, d ic ry l, and  com binations of 
both w ere  u s e d .  A fter 20 hours in  th e  various so lu tio n s  th e  se c tio n s  
w ere  m easu red  under th e  b in o cu la r u sin g  an  o cu la r m icrom eter.
In  d is t i l le d  w a te r  th e  se c tio n s  e lo n g a ted  approxim ately  30 per cen t 
(Figure 5 ) . Maximum stim u la tio n  (about 50 per cen t) of e lo n g a tio n  of
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Figure 5 .  The e ffe c ts  of IAA., d ic ry l, and com binations o f both on  th e  
e longa tion  of hypocoty l s e c t io n s .
4 0
hypoco ty l se c tio n s  w ith  IAA w as ob ta ined  w ith  10 ppm . This maximum 
stim u la tion  by IAA w as su p p re ssed  by an  equal w eigh t con cen tra tio n  of 
d ic ry l. D lcryl a lo n e  had  very  l i t t le  e ffec t on e longation  a s  com pared to  
d is t i l le d  w a te r c h e c k s .
The next s tu d ie s  invo lved  th e  e ffe c ts  of IAA/ d ic ry l/ and com bina­
tio n s  of both on th e  e longation  of in ta c t prim ary roo ts (Figure 6 ) .  For 
th e s e  s tu d ies  co tto n  w as a llow ed to  germ inate  in  th e  dark on the su rface  
of sandy loam  s o i l .  W hen th e  primary roo ts w ere  1 .5  to  3 .5  cm long the  
seed lin g s  w ere p lac ed  in to  groups w ith  re la tiv e ly  uniform root len g th ,
i
The seed lin g s  w ere  th en  supported  by alum inum  fo il w ith  th e  root in  
v arious d icry l and IAA s o lu t io n s .
S ince roo ts co n ta in  optimum to  above optimum co n cen tra tio n s of 
au x in / any added aux in  w ould th u s a c t com petitive ly  for s i te s  of ac tio n  
g iv ing  reduced  g row th . Both IAA and d ic ry l a c te d  to  reduce  e longation  
of in ta c t ro o ts .
It appears th a t  d icry l could  be a c tin g  a s  a w eak  au x in . In  c a se  
of th e  straight grow th of hypoco ty l s e c t io n s , if  th e re  w as an  e ffec t of 
d ic ry l on th e  re sp o n se  ob ta ined  w ith  IAA/ i t  a c ted  to  reduce  the  stim u la ­
to ry  a c tio n . W eak aux ins com pete w ith  very  a c tiv e  aux in  to  y ie ld  r e ­
duced  growth of in ternode se c tio n s  or c o le o p tile  s e c t io n s . In  th e  c a se  
of roo ts any  added  am ount of auxin  should  a c t to  reduce  e lo n g a tio n . T hese 
w ere  the  re s u lts  ob ta ined  w ith  d ic ry l. The m ost conv incing  ev idence  in  
F igure 6 th a t D icry l w as  ac ting  a s  a  w eak  auxin  i s  th e  e ffec t of h igh ra te s  
of h e rb ic id e  a lone and  of low ra te s  of th e  com bination  (IAA and d ic ry l) .
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Figure 6 . The e ffe c ts  of IAA, d ic ry l/ and  com binations of both  on th e  
e lo n g a tio n  of in ta c t  prim ary ro o ts .
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From a p ra c tic a l s tan d p o in t, a s  w e ll a s  p h y s io lo g ic a l, i t  i s  d e ­
s irab le  to  determ ine th e  e ffe c tiv e n e ss  of a  h e rb ic ide  w ith  in c re a s in g  
periods of co n ta c t w ith  th e  p la n t . This w a s  accom plished  by w ash ing  
off th e  h e rb ic id e  a t va rious in te rv a ls  a f te r  trea tm en t and observ ing  th e  
growth re s p o n se . The e ffe c tiv e n e ss  of d ic ry l in  inh ib iting  grow th of 
co ty ledons in c re ased  w ith  in c re a s in g  periods of c o n tac t (Figure 7 ).
Short periods of c o n tac t gave in te rm ed ia te  am ounts of su p p re ss io n . 
Maximum in h ib itio n  ob ta in ed  w ith  no w ash ing  w as c lo se ly  approached  
by 3 hours of co n tac t • T hus, i t  appeared  th a t p en e tra tio n  in to  th e  co ty ­
ledon  t is s u e  w a s  q u ite  rap id .
II . C om parative S tud ies on th e  R esp ira tion  of T issu e  from T reated  and 
U n trea ted  P la n ts .
I t  w as f i r s t  dec id ed  to  ev a lu a te  ra th e r  sho rt tim e e ffe c ts  of d icry l 
on co ty ledon  t i s s u e .  This w as c a rried  out in  tw o w a y s . F irs t , oxygen 
up take  im m ediate ly  a fte r  spraying w ith  d ic ry l w as de te rm ined , and second  
co ty ledon  d is c s  cu t w ith  a cork bo rer (7 mm diam eter) w ere  .floated  in  
te c h n ic a l d ic ry l so lu tio n  (approxim ate 10 ppm) for one and s ix  hours 
before determ ining  oxygen u p ta k e . From th e s e  s tu d ie s  th e re  appeared  to  
be no im m ediate e ffec t of d ic ry l on  to ted oxygen  u p ta k e .
The re sp ira tio n  of co ty ledonary  t i s s u e  s l ic e s  w a s ,  th em ,. determ ined 
a t v a rio u s tim e in te rv a ls  from zero  to  e ig h t days a fte r trea tm en t (Figure 8A). 
R esp iration  w as declin ing  q u ite  rap id ly  during th e  period  of m ost rap id  
g row th . On a  n itrogen  (and per co ty ledon) b a s is  re sp ira tio n  w as a p ­
proxim ately  th e  sam e or s lig h tly  l e s s  (20%) on th e  second  to  fourth day
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Figure 7 . The e ffec t of w ash ing  off th e  h e rb ic id e  a t v a rio u s in te rv a ls  
on  th e  grow th re sp o n se  of c o ty le d o n s .
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Figure 8A. O xygen u p tak e  of u n trea ted  and tre a te d  co ty ledon  t is s u e  
a t  va rious tim e in te rv a ls  a fte r  trea tm en t 
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for tre a te d  a s  com pared to  u n trea ted  t i s s u e .  H ow ever, re sp ira tio n  w as 
m arkedly h igher for tre a te d  t is s u e  on a  fresh  w eigh t b a s is  (Figure 8B).
On th e  e igh th  day a f te r  trea tm en t oxygen up take  of tre a te d  t is s u e  w as 
64 per c en t h igher th a n  for u n trea ted  contro l t i s s u e .  S ince  re sp ira tio n  
w as more or l e s s  unaffec ted  on a  n itrogen  b a s is  and  each  co ty ledon  c o n ­
ta in e d  approxim ately  th e  sam e am ount of n itro g en , i t  appeared  th a t  d icry l 
su p p re ssed  growth w ithou t any  su b s ta n tia l  e ffec t on to ta l  re sp ira tio n .
Follow ing th e s e  prelim inary resp ira to ry  s tu d ie s , more co n cen ­
tra te d  e ffo rts w ere  devo ted  to  s tu d ie s  of te rm ina l ox id a tio n  m ech an ism s. 
T hese s tu d ie s  w ill  be  d is c u s se d  la te r .  W hile  carry ing  out th e s e  ex p eri­
m ents , som e work w a s  done using  re sp ira to ry  in h ib ito rs  a s  supporting 
ev idence  for c e r ta in  o x id ase  m echanism s and pathw ays of m etabo lism . 
S evera l w orkers have  u se d  carbon  m onoxide to  d is tin g u ish  b e tw een  th e  
re sp ira tio n  involving cytochrom e o x id ase  and th a t involv ing  th e  copper 
enzym es, po lypheno lox idase  and a sco rb ic  a c id  o x id a s e . The w orkers 
poin t out th a t  cytochrom e o x id ase  i s  in h ib ited  by carbon  m onoxide but 
th a t th e  enzym e-carbon  monoxide com plex formed is  s ta b le  only in  th e  
dark and i s  d is s o c ia te d  in  v is ib le  l ig h t .  Po lypheno lox idase  i s  a ls o  in ­
h ib ited  by  carbon  m onoxide bu t th e  in h ib itio n  is  not rev e rse d  by  l ig h t . 
A lthough a sc o rb ic  a c id  o x id ase  may be  in h ib ited  by carbon  m onoxide in  
c e r ta in  c a s e s ,  Bonner (1957) s ta te d  th a t  i t  w a s  q u ite  in se n s it iv e  to  th is  
in h ib ito r.
The s l ig h t in h ib itio n  of re sp ira tio n  of co ty ledon  t i s s u e  w ith  carbon  
m onoxide (95% CO an d  5% oxygen) w a s  not lig h t re v e rs ib le  in d ica tin g
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l i t t le  o r no cytochrom e o x id ase  a c tiv ity  or th a t i t  w as r e s is ta n t  to  carbon 
monoxide inh ib itio n  (Figure 9 ). This experim ent w as conducted  four days 
a fte r  trea tm en t w ith  d ic ry l. The lig h t in te n s ity  w as approxim ately  100 
foo t can d les  a t th e  f la sk  le v e l . H igher and  low er lig h t in te n s it ie s  w ere 
a ls o  u sed  w ithout any  su c c e ss  in  reversing  th e  s lig h t in h ib itio n . These 
re s u lts  su g g ested  th a t n e ith e r  cytochrom e o x id ase  nor po lypheny lox idase  
a re  invo lved  but p o ss ib ly  some n on -m eta l flavopro tein  or an  a sco rb ic  ac id  
o x id ase  w hich is  in se n s itiv e  to  carbon monoxide in h ib itio n  .
A se r ie s  of inh ib ito rs  of g ly co ly tic  and Krebs c y c le  enzym es w ere 
u se d . Sodium fluoride w as u sed  a t a  co n cen tra tio n  of 10 mM (Figure 10). 
The primary mode of a c tio n  of th is  m ateria l is  th a t  of inh ib iting  en o lase  
(Jam es, 1953). This enzym e is  re sp o n s ib le  for th e  conversion  of phospho- 
g ly ce ric  ac id  to  phosphopyruvic a c id . The m agnesium  is  w ithdraw n from 
th e  enzym e by  th e  inh ib ito r re su ltin g  in  th e  form ation of a com plex mag­
nesium  fluorophosphate and th u s in h ib itio n  of en o la se  a c tiv ity . Sodium 
fluoride gave 55 and 36 per cen t in h ib itio n  o f re sp ira tio n  of u n trea ted  and 
tre a te d  (4 days prior) t i s s u e ,  re s p e c tiv e ly . D icry l trea tm en t gave  20 per 
cen t su p p ress io n  of re sp ira tio n , th u s ,  th e  oxygen uptake w as th e  same 
for both  un trea ted  and tre a te d  t is s u e  w hen th e  in h ib ito r w as in c lu d e d .
T his cou ld  be  su g g estiv e  th a t un trea ted  t is s u e  w as u tiliz in g  more hexose  
th a n  th e  tre a te d .
Io d o ace tic  ac id  is  g en era lly  thought to  in h ib it tr io sep h o sp h a te  
dehydrogenase  (Jam es, 1953). A pplication  of 1 mM io d o ac e tic  ad id  gave 
a lm ost id e n tic a l am ounts of inh ib itio n  of oxygen up take  of tre a te d  and
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Figure 9 .  E ffect of carb o n  m onoxide on th e  oxygen up take  of u n trea ted  
and tre a te d  (4 days) co ty led o n  t is s u e *  Light w a s  u se d  a s  
in d ic a te d  a t to p  of g rap h .
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Figure 10 . E ffect of sodium  flou ride  (upper) and  io d o a c e ta te  (lower) 
on th e  oxygen up take  of u n trea ted  and tre a te d  (4 days) 
co ty ledon  t i s s u e .
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u n trea ted  t i s s u e  a s  did sodium  flo u rid e . This co u ld  a ls o  be  su g g e s tiv e  
th a t u n trea ted  t is s u e  w as u tiliz in g  more h ex o se  a s  su b s tra te  th a n  th e  
tre a te d  t i s s u e .
The re sp ira to ry  q u o tien ts  for tre a te d  and u n trea te d  t i s s u e  w ere *75 
and .9 2 ,  re s p e c tiv e ly , in d ica tin g  th a t  u n trea ted  t is s u e  w as u til iz in g , 
p o ss ib ly , more h e x o se . A re sp ira to ry  quo tien t o f .75  w ould be  in d ic a ­
tiv e  th a t  fa tty  a c id s  or p o ss ib ly  p ro te in s  w ere  be ing  u til iz e d  to  a  la rge  
e x te n t. T hese re s u lts  w ould  a lso  be  in  agreem ent w ith  work repo rted  by 
M oreland and H ill (1960) th a t  th e  H ill rea c tio n  i s  in h ib ited  by d ic ry l. 
This w ould re s u l t  in  le s s  h ex o se  be ing  formed and  le s s  to  be  a v a ila b le  
for g ly c o ly s is .
Very low  co n cen tra tio n s of 2 ,4 -D N P  stim u la ted  ( .1  mM and  below ) 
and h igher co n cen tra tio n  in h ib ited  re sp ira tio n  (Figure 11 ). There w as 
a lw ays s lig h tly  more in h ib itio n  of re sp ira tio n  of u n tre a te d  th a n  tre a te d  
t i s s u e .  Over a  la rg e  num ber of experim en ta l te s ts  u sing  th is  in h ib ito r 
th e  average  in h ib itio n  of re sp ira tio n  w as about 10 per c e n t more in  un ­
tre a te d  th an  tre a te d  t i s s u e ,  e sp e c ia lly  w hen  th e  co n cen tra tio n  o f in ­
h ib ito r w as su ch  to  give abou t 40 to  60 p e r cen t in h ib itio n . R esp ira to ry  
stim u la tion  w ith  th is  m ateria l i s  though t to  be  a ttrib u ted  to  in h ib itio n  of 
phosphory la tion  and  form ation of e n e rg y -ric h  p h o sp h a te s . Jam es (1953) 
in d ic a te d  th a t very  l i t t le  w a s  known abou t in h ib itio n  w ith  th is  m a te r ia l. 
I t is  ev iden t th a t  tre a te d  and  u n trea ted  t i s s u e  respond  to  2 ,4 -D N P  in ­
h ib itio n  qu ite  d ifferently*
One o th er p o ss ib ili ty  for ob tain ing  d iffe ren ces  w ith  th e  above
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in h ib ito rs  should  not be overlooked . During developm ent o f co ty ledons 
th e  in te rc e llu la r  s p a c e s , e sp e c ia lly  in  th e  spongy la y e r , becom e la rg e r . 
W hen th e  h e rb ic id e  w as app lied  th e  expansion  of th e  co ty ledon  w as 
su p p re ssed  and th e  t is s u e  rem ained som ew hat firm . From anatom ical 
exam inations th e re  appeared  to  be much sm aller in te rc e llu la r  sp a c e s  in  
th e  tre a te d  t is s u e  and p o ss ib ly  le s s  c e ll  su rface  exposed  to  th e  in h ib ito rs  
w hen vacuum  in f il tra te d .
Severa l o th er inh ib ito rs w ere  s tud ied  but not a s  thoroughly  a s  th o se  
d is c u s se d  ab o v e . W ith th e s e  in h ib ito rs  th e  experim ents w ere  only re ­
p ea ted  o n c e . M alonic a c id  i s  considered  a s  a s tru c tu ra l inh ib ito r and 
u sed  by some w orkers a s  supporting ev idence  for th e  occurrence  of th e  
Krebs cy c le  in  p lan t re sp ira tio n . The p rin c ip a l e ffec t is  presum ably 
com petitive  inh ib itio n  of su c c in ic  dehydrogenase  (Jam es, 1953). In  
experim ents w ith  coty ledon  t i s s u e ,  10 mM m alonic ac id  gave approxi­
m ately  50 per cen t inh ib ition  o f re sp ira tio n . The re s u lts  w ere  very 
sim ila r to  th o se  d isc u sse d  above for flouride and io d o a c e ta te .
C yanide and az id e  did  not in h ib it re sp ira tio n  of e ith e r tre a te d  or 
un trea ted  t i s s u e .
The sm all e ffec ts  of d icry l on re sp ira tio n  of true  le a f  t i s s u e  w ere  
found to  be  sim ila r to  th a t for co ty ledon  t is s u e  (Figure 12). I t  appeared  
from se v e ra l t e s t s  th a t th e  s lig h t su p p re ss io n  p o ss ib ly  appeared  a  l i t t le  
e a r lie r  a fte r  trea tm ent in  th e  c a se  of true  le a v e s  and recovery  a lso  a p ­
p ea red  e a r l ie r .
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Figure 12 . O xygen up take  of u n trea ted  and  tre a te d  f i r s t  tru e  le a f  
t is s u e  a t  v a rio u s in te rv a ls  a f te r  tre a tm e n t.
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III . C om parative S tud ies on th e  Term inal O xidation  o f U n trea ted  and 
T reated  T issu e
In  an im al t i s s u e  i t  ap p ea rs  th a t  cytochrom e o x id ase  i s  th e  enzym e 
re sp o n s ib le  for term inal ox idation  or ca ta ly z in g  th e  f in a l s te p  in  th e  
tra n s fe r  o f e le c tro n s  from th e  su b s tra te  to  oxygen w h ic h , th e n ,  com bines 
w ith  hydrogen io n s  to  forte w a te r . In  t is s u e s  of h igher p la n ts , on th e  
co n tra ry , a t  le a s t  th ree  d ifferen t o x id ase  sy s tem s may be  invo lved , 
nam ely , cytochrom e o x id a se , p o ly p h en o lo x id ase , and a sco rb ic  ac id  
o x id ase  (Bonner, 195 0). T hus, in  order to  study  th e  e ffec t of d ic ry l on 
term ina l ox id a tio n  m echanism s i t  appeared  th a t  re la tiv e  a c t iv i t ie s  of 
th e s e  o x id a se s  should  f i r s t  be  e v a lu a te d . This w as s tu d ied  in  a t le a s t  
th re e  w ay s: ( l)  th e  ra te  o f o x id a tio n  of th e  various s u b s tra te s , (2) using  
su b s tra te s  and bo iling  th e  hom ogena te , and (3) u sin g  known inh ib ito rs 
of th e  o x id a s e .
The re s u l ts  of t e s t s  em ploying c e r ta in  su b s tra te s  (a sco rb a te , 
c a te c h o l, and  cytochrom e c  p lu s p -pheny lened iam ine) su g g ested  th a t 
a sco rb ic  ac id  o x id ase  w as th e  predom inant te rm ina l enzym e in  co ty ledon  
t i s s u e  (Figure 13). Oxygen up take  w as four to  five tim es g rea te r during 
th e  o x id a tio n  o f a sco rb a te  a s  com pared to  th a t  for c a te c h o l. I t appeared  
th a t  som e in it ia l  a c tiv ity  of po lypheny lox idase  w as ob ta ined  but in a c tiv a ­
t io n  occu rred  w ith in  15 m in u te s . No cytochrom e o x id ase  w a s  dem onstra ted  
u s in g  s u b s tr a te s .
Boiling of homogen&tes w a s  c a rried  out to  d estro y  enzym e ac tiv ity  
and to  e v a lu a te  th e  p o ss ib le  non -en zy m atic  ox idation  of th e  s u b s tra te s .
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Figure 1 3 . O xidation  of a sc o rb a te , c a te c h o l and  cytochrom e c  p lu s
p -pheny lened iam lne  in  hom ogenates of u n trea ted  co ty ledon  
t i s s u e .  S u b s tra te s  w ere  t ip p e d - in  a t  th e  15 m inute p e rio d .
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Bolling com plete ly  e lim ina ted  th e  ox idation  of a sco rb a te  in  th e  hom ogenate . 
T hese re s u lts  su g g e s te d  th a t th e  ox idation  of a sco rb a te  w a s  enzym atic . 
H ow ever, m any enzym es are know n to  bring about th e  ox idation  of 
a sc o rb a te  in  hom ogenates of p la n t t i s s u e s .  These enzym es can  be  
d iv ided  in to  tw o  groups: (l) th o se  d irec tly  invo lved  in  c a ta ly z in g  th e  
ox id a tio n  of a sc o rb a te  and (2) th o se  in d ire c tly  in v o lv ed . In  th e  f irs t  
ca tego ry  a sc o rb ic  ac id  o x id ase  i s  th e  only enzym e th a t h a s  been  dem on­
s tra te d  in  homogenfetfes and t i s s u e  e x tra c ts  (M apson, 1958). In  th e  
second  group po lypheno lox idase  and cytochrom e ox id ase  have  b een  
p a rticu la rly  im p o rtan t. A scorbate  h as b e e n  u sed  su c c e ss fu lly  a s  a  re ­
ducing  agen t fo r cytochrom e c  in  s tu d ie s  involv ing  cytochrom e o x id a se .
I t  h as  a ls o  b e e n  used  to  reduce  quinone back  to  c a tec h o l in  po lypheny l- 
o x id ase  s tu d ie s .  This a sp e c t w a s  s tu d ied  using  hom ogenates of co ty ledon  
t is s u e  and  com bined s u b s tr a te s ,  a sc o rb a te  and ca tec h o l (Figure 14).
There w a s  a ra te  e ffec t up to  3 x  10"*2 M fin a l co n cen tra tio n  of 
a sc o rb a te  for optimum enzym e a c t iv i ty .  I t  appeared  from th e s e  s tu d ie s  
th a t  a sco rb ic  a c id  o x id ase  and  po lypheny lox idase  a c t iv i t ie s  w ere ad d i­
t iv e  a s  show n b y  Figure 14B and  C for u n trea ted  and  tre a te d  t i s s u e ,  
re s p e c tiv e ly . The curve show ing th e  ra te  of ox idation  of com bined 
su b s tra te s  show  th e  in i t ia l  po lypheno lox idase  a c tiv ity  p lu s th e  a sco rb ic  
ac id  o x id ase  a c tiv ity  an d  th en  th e  rev e rs io n  to  th e  ra te  of ox idation  of 
a sc o rb a te  a T h u s, a sco rb a te  d id  not a c t  a s  an  e le c tro n  sou rce  for th e  
red u c tio n  of q u in o n e s .
For fu rther support of a sc o rb ic  a c id  o x id ase  a c tiv ity  in  hom ogenates
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Figure 14* O x ida tion  of com bined s u b s tr a te s , a sc o rb a te  and  c a te c h o l, in  
hom ogenates of co ty ledon  t is s u e :  A . In c re a s in g  am ounts o f 
a sc o rb a te  w ith  c a te c h o l c o n s ta n t,  B. O x ida tion  of optimum 
com bination  a s  com pared to  e ith e r  a lone  -  un trea ted  t i s s u e ,  
a n d C *  T reated  t is su e *
of co tto n  t i s s u e ,  tw o in h ib ito rs  w ere, u se d  w hich  e ffec tiv e ly  in h ib it 
copper con ta in ing  enzym es (Figure 15). D ieca  gave approxim ately  75 
per cen t in h ib itio n  of th e  ra te  of ox id a tio n  of a s c o rb a te . Thiourea gave  
abou t 35 per c e n t .  D ieca  c h e la te s  copper and se v e ra l o ther m eth ls under 
m ild c o n d itio n s . Although i t  r e a c ts  w ith  iro n , i t  h as  p ra c tic a lly  no e ffec t 
on cytochrom e o x id ase  a t  0 .2  mM and ap p ea rs  to  be  th e  m ost u se fu l 
ch e la tin g  a g en t for d is tin g u ish in g  copper enzym es from cytochrom e ox i­
d a s e .  I t shou ld  beim entioned  ag a in  th a t  th e  s lig h t in h ib itio n  of re s p ira ­
tio n  by carbon  m onoxide w as not found to  be  lig h t re v e rs ib le . All of 
th e s e  fa c ts  te n d  to  su g g e s t th a t a sco rb ic  a c id  o x id ase  i s  th e  enzym e 
invo lved  in  th e  ox idation  of a sco rb a te  in  co tto n  t is s u e  h o m o g en a tes .
In  th e  above d is c u s s e d  experim ents both  tre a te d  and  u n trea ted  
t i s s u e  were u se d  and com pared . D icry l c a u se d  a  m arked su p p re ss io n  in  
a sco rb ic  a c id  o x id ase  a c tiv ity  varying from about 25 to  75 per c en t in ­
h ib itio n  on a  n itrogen  b a s is  a t 4 days a fte r  trea tm e n t.
In  th e  n ex t s tu d ie s  one co ty ledon  of each  p lan t w as sh ie ld e d  from 
th e  h e rb ic id a l sp ra y , accom plished  by p lac in g  a  ce llo p h an e  bag  over i t  
during th e  sp ray ing  o p e ra tio n . In  prelim inary  s tu d ie s  i t  w as no ted  th a t 
th e  developm ent of th e  u n trea ted  co ty ledon  on th e  tre a te d  p lan t w as not 
su p p re ssed  by  d ic ry l. The e ffe c t of d ic ry l o n  one co ty ledon  on th e  
a sc o rb a te  ox idation  in  hom ogenates from th e  o ther is  show n in  Figure 16 . 
T hese  d a ta  su g g e s te d  th a t  d ic ry l w as  no t tra n s lo c a te d  to  a  la rg e  e x ten t 
from one co ty ledon  to  th e  o th e r . S ince  a  com m ercial p rep a ra tio n  of d ic ry l
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Figure 1 5 , E ffect o f d ie c a  and  th io u rea  on th e  ox idation  of a sco rb a te  
in  hom ogenates of u n trea te d  and  tre a te d  co ty ledon  t i s s u e .
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Figure 16. E ffect of d ic ry l trea tm en t o f one co ty ledon  on o x id a tio n  of 
a sc o rb a te  in  hom ogenates from th e  rem aining  u n trea ted  one
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w as being  u sed  i t  w as d ec id ed  to  check  on th e  e ffe c ts  of th e  b lank  em ul­
s io n  w hich  co n ta in ed  a l l  th e  in g red ien ts  of th e  com m ercial p rep a ra tio n  
ex cep t th e  h e rb ic id e  (Figure 17). The b lank  trea tm en t did n o t e ffec t the  
en largem ent of co ty led o n s or th e  a c tiv ity  of a sc o rb ic  ac id  o x id ase  in  
h o m o g en a te s .
In a  rev iew  a rtic le  by  M apson (1958) i t  w as  in d ic a te d  th a t a sc o rb ic  
a c id  o x id ase  w as found to  be  a s s o c ia te d  w ith  th e  c e l l  w a ll in  som e t i s s u e s ,  
the  m itochrondra in  o thers and th e  so lu b le  frac tio n s  in  s t i l l  o th e rs . The 
a c tiv ity  of a sc o rb ic  ac id  o x id a s e 'in  co tton  t i s s u e s  w a s  found to  be 
a s s o c ia te d  prim arily  w ith  c e l l  w a ll  m ateria l o r re s id u e  of 1000 x  g fo r 
7 m inutes (Figure 18). Newcomb (1951) in d ic a te d  th a t  h igh a sco rb ic  acid  
o x id ase  c h a ra c te r is t ic  of young g rape  t is s u e  and  g a ll t is s u e  d e c re a se s  
m arkedly w ith  a g e . In  a l l  hom ogenates w hich  h e  frac tio n a te d  by c e n ­
tr ifu g a tio n , inc lud ing  th o se  of w h ea t and  grape l e a v e s , com  root t ip s  
and c a llu s  t i s s u e s ,  a sco rb ic  a c id  o x id ase  w as la rg e ly  recovered  in  th e  
w a ll f ra c tio n . The function  of a sc o rb ic  a c id  o x id ase  in  th e  m etabolism  
of th e  p lan t c e ll  i s  unknow n, a lthough  i t  h as  freq u en tly  b een  su g g ested  
th a t th is  enzym e may se rve  a s  a  re sp ira to ry  te rm in a l o x id a s e . I t i s  a lso  
co n ce iv ab le  th a t th is  enzym e p la y s  som e s p e c if ic , though a s  y e t unknown 
ro le  in  th e  o rg an ized , a c tiv e  grow th of th e  prim ary-yrall w h ich  may con tro l 
c e ll  en la rgem en t.
The d a ta  in  Figure 19)ara re p re se n ta tiv e  o f th a t  o b ta in ed  from se v e ra l 
s tu d ie s  on e ffe c ts  o f d ic ry l on  a sc o rb a te  o x ida tion  in  hom ogenates p re ­
pared  a t  v a rio u s in te rv a ls  a f te r  tre a tm e n t. The su p p re ss io n  of a sco rb a te
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Figure 1 7 . E ffect of b lank  trea tm en t (isophorone) a s  com pared to  u n trea ted  
and tre a te d  p la n ts  on th e  ox idation  of a sco rb a te  in  hom ogenates 
A, Two days a f te r  trea tm en t and B . Four d a y s  a fte r  trea tm e n t.
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Figure 18 . O xidation  of a sc o rb a te  iA ccentrifugal frac tio n s  a s  com pared
to  th a t  in  th e  crude hom ogenate A . U n trea ted  and  B . T reated  
c o ty le d o n s .
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Figure 19A. O x ida tion  of a sc o rb a te  in  hom ogenates prepared  a t  
v a rl ous in te rv a ls  a f te r  trea tm en t 
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Figure 19B. O xidation  o f a sco rb a te  in  hom ogenates p repared  a t  
va rious in te rv a ls  a f te r  trea tm en t 
B . F resh  w e ig h t b a s i s .
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ox idation  w as not re a liz e d  u n til th e  seco n d  day  a f te r  trea tm en t an d  b e ­
cam e more pronounced by th e  fourth d a y . A lthough th e  re sp ira to ry  ra te  
of d ic ry l t re a te d  t i s s u e  w as only s lig h tly  su p p re sse d  on a  n itrogen  b a s i s , 
a sco rb ic  ac id  o x id ase  a c tiv ity  w as g rea tly  su p p re sse d  on th is  bafe is. 
S ince a sco rb ic  a c id  o x id ase  a c tiv ity  w as found to  c lo se ly  p a ra lle l  for 
tre a te d  v e rsu s  u n trea ted  on a  fresh  w eigh t b a s is  , i t  appeared  th a t  th e  
am ount of su p p re ss io n  w as approxim ately  p roportional to  th e  e ffe c t on 
growth (Figure 19B). I t  shou ld  a lso  be  no ted  th a t a sco rb ic  a c id  o x id ase  
a c tiv ity  d ec lin ed  rap id ly  during m atu ra tion .
The next s tu d ie s  invo lved  trea tm en ts  to  o b ta in  no n -tu rg id  t i s s u e .  
F irs t , co ty ledons w ere  tre a te d  w ith  s te a m . Tw enty-four hours la te r  
s team ed  co ty ledons w e ighed  about 40 per c e n t a s  much a s  th e  non­
s te a m e d . The ra te  of ox idation  of a sc o rb a te  in  hom ogenhies w as 
su p p re ssed  about 35 p e r cen t on a  n itrogen  or pe r co ty ledon  b a s is  due 
to  steam  tre a tm e n t. H ow ever, th e re  w a s  a  h igh  lo s s  of m oistu re  and  
a c tiv ity  of a sco rb ic  a c id  o x id ase  on a fre sh  w eig h t b a s is  w as  app rox i­
m ately  180 per cen t of con tro l (Figure 20).
In  order to  o b ta in  w ilte d  t is s u e  fo llow ing d ic ry l trea tm e n t, tw o 
a p p lic a tio n s  w ere  m ad e , one on  th e  s ix th  and  one on th e  e igh th  day  a fte r 
p la n tin g . S evera l d ay s  w ere  th e n  req u ired  to  o b ta in  w ilte d  t i s s u e .  
T reated  co ty ledons w eighed  only 20 per c e n t a s  much a s  th e  co n tro l 
c o ty le d o n s . A gain , o n  a  n itrogen  b a s is  th e  o x id a tio n  of a sc o rb a te  w as 
reduced  approxim ately  35 per cen t (Figure 21 ). In  th is  c a se  h o w ev er, th e  
ra te  of o x id a tio n  of a sc o rb a te  by tre a te d  hom ogenates w a s  above 300 per
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Figure 2 0 . E ffec t of s te am  trea tm en t of co ty led o n s  on th e  s ix th  day  on 
the  o x id a tio n  of a sco rb a te  in  hom ogenates -  R an W arburg 
24 h o u rs  a f te r  trea tm e n t.
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Figure 21. Influence of two dicryl treatments/ one on the sixth and one on 
the eighth day / on the oxidation of ascorbate in homogenates 
A. Nitrogen B. Cotyledon and C . Fresh weight basis -  Run 
Warburg on the tenth day after second treatment.
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c e n t of th a t  in  co n tro l on a f re sh  w eigh t b a s i s . The a sc o rb ic  ac id  o x id ase  
a c tiv ity  w as q u ite  low  in  u n trea ted  t is s u e  a t th is  tim e (18 days a fte r  p la n t­
ing) . I t  w as  p o s s ib le  th a t  th e  ca rrie r  of th e  he rb ic id e  cou ld  have b een  
re sp o n s ib le  for lo s s  in  tu rg id ity . This p o ss ib ili ty  h a s  not b een  further 
e v a lu a te d .
A scorb ic  a c id  o x id ase  a c tiv ity  from tru e  le a v e s  w a s  found to  be 
su p p re sse d  to  approxim ately  th e  sam e ex ten t on a n itrogen  or fresh  w eigh t 
b a s is  (Figure 2 2 ). The s lig h t to  m oderate su p p re ss io n  in  a sco rb ic  ac id  
o x id ase  a c tiv ity  w as p a rticu la rly  no ted  a t th e  second  to  fourth day a fte r 
trea tm en t and recovery  no ted  on th e  e igh th  d ay .
IV. The O xidation  of G lyco lic  and 1 -L ac tic  A cids by Hom ogenate 
S u p ern a tan ts  from C oty ledon  T is su e .
S tu d ies  w ith  g ly co lic  a c id  o x id ase  and g lyoxy lic  ac id  red u c ta se  
from g reen  p lan ts  have  le d  Z e litch  (1953 , 1955) to  su g g e s t th a t  th e s e  
dnzym es p lay  a  part in  th e  oxygen up take  of le a f  t i s s u e .  The follow ing 
sy s tem  w a s  p roposed:
pOOH
CHOHi
CHo
O xygen
(1)
DPNH + H' COOH HoO
c h 3 c o o h + h 2 o + c o 2
c h 3
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Figure 2 2 , O xidation  of a sc o rb a te  in  hom ogenates of f i r s t  tru e  le a f  t is s u e  -  
upper n itrogen  and low er fre sh  w eig h t b a s is  •
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The th ree  enzym es p roposed  w ere ( l)  g lyoxy lic  a c id  re d u c ta s e , (2) g ly co lic  
a c id  o x id ase  and (3) c a ta la s e .  G ly co lic  a c id  o x id ase  w as found to  be a 
flavop ro te in  w ith  FMN as  a  p ro s th e tic  g ro u p . T his i s  a  n o n -m eta l o x i­
d a se  w hich  i s  no t in h ib ited  by carbon m onoxide/ cy an id e / or a z id e .
G ly co lic  a c id  w as not a v a ila b le  a t  th e  beg inn ing  of th e s e  s tu d ie s , 
how ever/ la c tic  a c id  h as  b een  show n to  be h igh ly  e ffec tiv e  a s  a su b ­
s tra te  (Z elitch e t a l ,  1953). In  th e s e  s tu d ie s  1 - la c t ic  a c id  w as u se d  in  
a l l  ex cep t th e  la s t  s e r ie s .
G as exchange during th e  ox idation  of la c tic  a c id  in  su p ern a tan ts  is  
show n in  Figure 2 3 . There appeared  to  be l i t t le  or no d ifference  in  th e  
enzym e a c tiv ity  from tre a te d  and u n trea ted  t i s s u e .  The enzym e a c tiv ity  
w a s  equal to  or g rea te r  th a n  a sc o rb ic  a c id  o x id ase  a c tiv ity  of th e  sam e 
t i s s u e .  The re sp ira to ry  q u o tien t w as very  low , approxim ately  0 .1  during 
la c tic  ac id  o x id a tio n . The carbon  d ioxide is  evo lved  through th e  a c tio n  
of hydrogen perox ide on pyruvic ac id  to  form a c e tic  a c id  and w a te r .
The p H -a c tlv ity  curve of g ly co lic  ac id  o x id ase  is  a lso  show n in  
Figure 23 . The ox idation  of la c ta te  gav e  a  broad optimum b e tw een  pH 7 .8  
and 8 . 8 . Z e litch  e t a l  (1953) o bserved  th e  sam e k ind  of pH curve for th is  
enzym e from to b ac co  le a v e s ,  how ever, w hen  g ly co lic  ac id  w as u se d  a s  
th e  su b s tra te  a  much sharper peak  w as o bserved  a s  optimum a t pH 8 .3 .
In  1955 Z e litc h  dem onstra ted  th a t  V -h y d ro x y su lfo n a te  com pounds 
su ch  a s  a c e ta ld e h y d e -b is u lf i te , g ly o x y la te -b isu lf ite  and  b isu lf ite  a lone  
w ere  about eq u a lly  e ffec tiv e  in  th e  in h ib itio n  of th e  ox idation  of g ly c o la te .
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Figure 2 3 . G as exchange (upper) during o x ida tion  of la c ta te  in  hom ogenate 
su p e rn a tan ts  and th e  e ffec t of pH (lower) on ox idation  of la c ta te .
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The in h ib itio n  of th is  o x id ase  by tw o of th e s e  in h ib itp rs  is  show n in  
Figure 24 . A c e ta ld eh y d e-b isu lfite  and b isu lf ite  a lone  w ere equa lly
4
e ffec tiv e  in  th e s e  s tu d ie s .  I t is  g en era lly  co n sid e red  th a t b isu lf ite  
re a c ts  w ith  pyruvic ac id  w hich  is  produced in  th e  ox idation  of la c tic  
a c id  forming p y ru v a te -b isu lf ite  a s  th e  in h ib ito r .
C yanide i s  known to  in h ib it c a ta la s e  from p lan t t is s u e s  (Jam es, 
1953). The in fluence  of cyan ide  on th e  ox idation  of la c tic  a c id  by su p e r­
n a ta n ts  i s  show n in  Figure 25 . Through in h ib itio n  of c a ta la s e  th e  n e t 
oxygen up take  w as much g re a te r . As show n in  th e  above p o s tu la ted  
system  o n e -h a lf  of th e  oxygen consum ed is  th e o re tic a lly  evo lved  through 
c a ta la s e  a c tiv ity .
Toward th e  end of th is  s e r ie s  of s tu d ie s  g ly co lic  ac id  becam e a v a il­
a b le  and w as u se d  a s  a  su b s tra te  for g ly co lic  ac id  ox idase  (Figure 26).
The Q0 2 (N) w as approxim ately  35 per cen t h igher w hen  g ly co la te  w as 
u se d  a s  com pared to  la c ta te  as th e  s u b s tr a te . Sodium b isu lf ite  w as a lso  
e ffec tiv e  for in h ib itio n  in  th is  c a s e .  D icry l had  very  l i t t le  o r no e ffec t 
on g ly co lic  ac id  o x id a se .
Although d icry l did  not e ffec t th e  a c tiv ity  of g ly co lic  ac id  o x id a s e , 
i t  appeared  to  be  a  p o ss ib le  m echanism  of hydrogen  tra n s fe r  to  oxygen in  
co tto n  t i s s u e .
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Figure 2 4 . The in h ib itio n  of g ly co lic  a c id  o x id ase  in  hpm ogenate su p e r­
n a ta n ts  by (&) sodium  b isu lf ite  and (B) ace ta ld eh y d e  b isu lf ite  
L ac ta te  u se d  a s  s u b s tra te .
300 r  - A -
A -
0 -
0 -
- Untreated
- Untreated + 10 mM KCN
- Treated
- Treated + 10 mM KCN
2 0 0  -
o02 (N)
100 .
30
Time (Minutes)
Figure 2 5 . The in flu en ce  of KCN on th e  oxygen up take  in  hom ogenate 
su p e rn a tan ts  during ox id a tio n  of l a c ta t e .
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Figure 2 6 . O xidation  of G ly co la te  in  hom ogenate su p e rn a tan ts  of un ­
tre a te d  and  tre a te d  co ty ledon  t i s s u e  and in h ib itio n  by sodium  
b is u l f i te .
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V. The In fluence  of D icry l on C a ta la s e ,  P e ro x id ase . L ipoxidase and  
P ec tin  M e th v le s te ra se  A c tiv itie s  in  H om ogenate S upernatan ts  from 
C otton  T issu e .
A . C a ta la se
C a ta la se  perform s th e  h igh ly  sp e c ia liz e d  function  of c a ta ly z in g  
th e  decom position  of hydrogen peroxide to  w a te r and  oxygen . Although 
d iffic u lt to  d e te c t ,  hydrogen peroxide is  p ic tu red  a s  a  common end product 
o f b io lo g ic a l o x id a tio n s . The w id esp read  occu rrence  of c a ta la s e  p reven ts 
accum ulation  o f hydrogen perox ide  to  to x ic  co n cen tra tio n s  (Bonner, 1950). 
This type  of sy stem  h a s  a lread y  b een  su g g ested  in  th e  prev ious se c tio n  
involv ing  g ly co lic  ac id  o x id a s e .
The f irs t s tu d ie s  w ith  c a ta la s e  follow ing d ic ry l trea tm en t of c o ty ­
led o n s and tru e  le a v e s  a re  rep o rted  in  Figure 2 7 . There w a s  a v igorous 
evo lu tion  of oxygen from hydrogen perox ide c a ta ly ze d  by c a ta la s e .  The 
tre a te d  t i s s u e ,  four d ay s  and  tw o days a fte r  trea tm en t for co ty ledons and 
le a v e s ,  re s p e c tiv e ly , y ie ld e d  approxim ately  50 p e r c en t of th e  c a ta la s e  
a c tiv ity  a s  con tro l t i s s u e .
C a ta la se  is  a  m eta llop ro te in  enzym e w ith  hem atin  a s  i t s  p ro s th e tic  
g ro u p . The enzym e is  in h ib ited  by c y a n id e , a z id e , and  su lf id e , a l l  
w h ich  com bine w ith  th e  fe rric  atom  of th e  enzym e (Bonner, 195 0).
C yan ide  w as u sed  to  in h ib it c a ta la s e  a c tiv ity  of u n trea te d  and  tre a te d  
co ty ledon  and  tru e  le a f  t i s s u e s .  There w as com plete  in h ib itio n  of oxygen 
evo lu tion  from hydrogen perox ide  by 1 mM p o tass iu m  c y a n id e . This w as 
a ls o  dem onstra ted  in  th e  p rev ious s e c tio n  of th is  repo rt during th e  o x id a ­
tio n  of 1- la c t ic  a c id  to  py ruvate  and hydrogen p e ro x id e . The peroxide
77
Figure 27»
tn3
\'O<uo
3•Oo
M
CM
O
r~\
3
—  £ —  Untreated Cotyledons
—  0 —  Treated H a
6
4
1064
Time, (Minutes)
3
a)u
3•ao
CM
<No
Untreated Leaves 
Treated "
1 2
8
4
0
1060 I 2 4
Time (Minutes)
E ffect of d ic ry l on  c a ta la s e  a c tiv ity  in  su p e rn a ta n ts  of c o ty ­
ledon  hom ogenates (upper) and  f irs t tru e  le a f  hom ogenates 
(lower) p repared  a t  4 and  2 d ay s  a fte r  trea tm e n t, re sp e c tiv e ly ,
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formed w a s  not broken down to  w a te r  and oxygen in  th e  p re sen c e  of 
p o tassiu m  c y an id e .
S ince  th e re  appeared  to  b e  c o n s id e rab le  e ffec t of d ic ry l on c a ta la s e  
a c tiv ity /  i t  w as decided  to  make a more thorough study  of th is  enzym e 
over an  e igh t day  period follow ing trea tm en t (Figure 2 8 ). C a ta la se  
a c tiv ity  w as d e p re ssed  g radua lly  during th e  f irs t  four day s follow ing 
trea tm en t to  abou t 50 per cen t o f th a t in  contro l t is s u e  on a  n itrogen  
b a s i s .  A lthough su p ern a tan ts  w ere  u se d , c a ta la s e  a c tiv ity  w as a lso  
p laced  on  the  b a s is  of th e  o rig ina l fresh  w e ig h t. S u rp rising ly / th e  
enzym e a c tiv ity  on  th is  b a s is  w a s  th e  sam e for tre a te d  an d  un trea ted  
t i s s u e .  T hus, through con tro lling  growth d icry l a lso  h e ld  th e  c a ta la s e  
con ten t a t  the  sam e le v e l throughout th e  e ig h t day te s tin g  p e rio d .
S im ilar s tu d ie s  w ere  conducted  u sing  f irs t  true  le a f  t is s u e  
(Figure 2 9 ). In  th is  c a se  a s  d is c u s se d  p rev io u sly  th e  n itrogen  con ten t 
w a s  approxim ately  the  sam e on a  fresh  w e ig h t b a s i s .  There w as su p ­
p re s s io n  of c a ta la s e  a c tiv ity  for a t  l e a s t  four days follow ing tre a tm e n t.
As in d ic a te d  for a sco rb ic  ac id  o x id ase  th e  e ffec t of d ic ry l cam e e a r lie r  
an d  recovery  a ls o  came e a rlie r  for le a f  t i s s u e  a s  com pared to  c o ty le d o n s .
It should b e  po in ted  out th a t  d icry l c a u se d  vary  s im ila r e ffe c ts  on 
th e  a c tiv it ie s  of a sco rb ic  ac id  o x id ase  and  c a ta la s e  in  bo th  co ty ledon  
an d  true le a f  t i s s u e .
B. P erox idase
P ero x id ases  are enzym es w h ich  in  th e  p resen ce  of hydrogen peroxide 
c a ta ly z e  th e  ox idation  o f many pheno ls and  arom atic  a m in e s . Some of th e
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pheno lic  com pounds w hich a re  ox id ized  by  peroxide in  th e  p resen ce  of 
p e ro x id ase  are  p y rogallo l/ c a te c h o l/ hydroquinone/ e re  s o l /  and try o s in e . 
Pyrogallo l i s  ox id ized  to  purpurogallin  w ith  th e  evo lu tion  of carbon  
dioxide accord ing  to  th e  follow ing equation :
2 C 0 H6 O3 + 3 H 2 O2 p e ro x id ase  y  O5 + C 0 2 + 5 H2 O
T hus, in  th e s e  s tu d ie s  p e ro x id ase  a c tiv ity  w a s  e x p re ssed  on th e  b a s is  of 
carbon d iox ide evo lved  (Figure 3 0).
The a c tiv ity  of pe rox idase  w as ra th e r  low in  both  co ty ledon  and 
tru e  le a f  t is s u e  u n til th e  second  le a f  b eg an  to  ex p an d . At th is  tim e 
th e  a c tiv ity  of p e ro x id ase  began  to  r i s e  and  in  s ix  days w as four tim es 
th e  o rig ina l le v e l .  D icry l h e ld  th e  a c tiv ity  a t th e  o rig ina l le v e l during 
th is  p e rio d .
C . L ipoxidase  S tud ies
A study  of th e  re la tio n sh ip  b e tw een  lip o x id a se  a c tiv ity  and fa t 
com position  in  germ inating soybean  w a s  c a rried  out by Holm an (1948).
H is re s u lts  in d ic a te d  a  d e c re a se  in  lip o x id a se  a c tiv ity  a f te r  th e  second  
day from p lan ting  an d , s im u ltan eo u sly / a  p re fe ren tia l d e c re a se  w as ob ­
se rv ed  in  lin o le ic  a c id  conten t of th e  f a t .
A study  b y  W hite  (1958) o f th e  fa tty  a c id  re la tio n sh ip s  during 
germ ination  of co tto n  se e d  in d ic a te d  a  s im ila r tren d  a s  Holm an o b se rv ed  
for soybeans ex cep t in  co tton  th e  fa tty  a c id  c o n ten t d e c re a se d  much 
fa s te r .  W ith  th is  inform ation in  m ind/ experim ents to  determ ine lip o x i­
d a se  a c tiv ity  in  hom ogenate su p e rn a ta n ts  w ere  conducted  a t  th re e  s ta g e s  
of co tton  seed lin g  developm ent. Very l i t t le  o r no a c tiv ity  w as ob ta in ed
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Figure 3 0 ,  E ffect of d ic ry l on  p e ro x id a se  a c tiv ity  in  su p e rn a ta n ts  of 
co ty led o n  t i s s u e  (upper) and  f ir s t  tru e  le a f  t is s u e  (lower) 
a t  v a rio u s  in te rv a ls  a fte r  tre a tm e n t.
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a t any s ta g e  te s te d  (2.5 and  10 day s ta g e s  for co ty ledons and  15 day 
s ta g e  for f ir s t  tru e  le a f ) .
D . P ec tin  M e th y le s te ra se
P ec tin  M e th y le s te ra se  is  th e  enzym e re sp o n s ib le  for ca ta ly z in g  
th e  d e -e s te r if ic a tio n  of p e c tin  y ie ld in g  free  carboxy lic  ac id  groups.
Bryan and Newcomb (1954) repo rted  s tu d ie s  on th e  e ffe c t of IAA on p e c tin  
m e th y les te ra se  of to b acco  p i th .  They in d ic a te d  se v e ra l m etabolic  changes 
preced ing  c e ll  en largem ent includ ing  (1 ) a  r is e  in  re sp ira tio n , (2 ) in ­
c re a se  in  a sco rb ic  acid  o x id ase  a c tiv ity  and (3) an  in c re a se  in  pec tin  
m e th y les te rase  a c tiv ity .
The ac tiv ity  of p e c tin  m e th y les te ra se  in  co tton  t is s u e  i s  rep re­
sen ted  in  Figure 3 1 . It c a n  be  no ted  th a t  a c tiv ity  of th is  enzym e w as 
su p p re ssed  by d icry l trea tm en t for a t  l e a s t  four days before  showing any  
reco v ery . This co in c id es  w ith  som e recovery  in  g row th . To make som e 
com parison  w ith  N ew com b's w ork , i t  shou ld  be  po in ted  out th a t  d icry l 
c au se d  (l)  a  sm all d e c rea se  in  re sp ira tio n , (2 ) a  d e c re a se  in  a sco rb ic  
ac id  o x id ase  a c tiv ity  and (3) a  d e c re a se  in  p e c tin  m e th y les te rase  
a c tiv ity . D icry l su p p re ssed  c e ll  en largem ent w h ile  IAA stim ula ted  
en la rgem en t.
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SUMMARY
A ttem pts w ere  made to  determ ine some e ffe c ts  o f N -(3 ,4 -d ic h lo ro -  
phenyl) m ethacrylam ide (dicryl) on early  growth and  c e r ta in  resp ira to ry  
enzym es of c o tto n .
The ra te  of developm ent of co ty ledons and tru e  le a v e s  w as m arkedly 
su p p re ssed  by d ic ry l trea tm e n t. Maximum su p p re ss io n  of co ty ledon  
w eigh t w as ob ta ined  w hen trea te d  a t th e  o n -s e t  of m ost rap id  g row th . 
A natom ical exam inations of th e s e  t is s u e s  in d ic a te d  th a t th e  p o ten tia l 
in c re a se  in  c e ll  s iz e  w as uniform ly su p p re sse d .
The n itrogen  con ten t of un trea ted  co ty ledons d e c re a se d  s lig h tly  
during developm ent ind ica ting  p o ss ib ly  some movement to  o th er p lan t 
p a rts  • S ince  the  n itrogen  con ten t of tre a te d  co ty ledons rem ained co n ­
s ta n t  th e re  w as no ev idence  of movement to  o ther p a r ts .  Thus on a per 
un it fresh  w eigh t b a s i s , tre a te d  co ty ledonary  t i s s u e  co n ta in ed  sub ­
s ta n tia lly  more n itrogen  th an  contro l t i s s u e .  In  tru e  le a v e s  th e  n itrogen 
co n ten t in c re a se d  a s  the  w eigh t of le a v e s  in c re a s e d .
The g re a te s t  stim u la tion  of e lo n g a tio n  of hypoco ty l se c tio n s  o b ­
ta in e d  w ith  in d o le ac e tic  a c id  (IAA) w a s  su p p re sse d  by an  equal w eigh t 
co n cen tra tio n  of d ic ry l. Both IAA and  d icry l a c te d  to  reduce  e longa tion  
of ro o ts . T hese re s u lts  su g g e s te d  th a t d icry l cou ld  be ac tin g  a s  a  w eak 
au x in .
The e ffe c tiv en e ss  o f d icry l trea tm en t in  Inh ib iting  grow th of
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co ty led o n s In c reased  w ith  in c re a s in g  periods of co n ta c t w ith  maximum 
in h ib itio n  being  approached c lo se ly  in  3 h o u rs .
R esp ira tion  dec lined  during developm ent of c o ty le d o n s . D icry l 
su p p re sse d  grow th w ith  only a  s lig h t d e c re a se  in  re sp ira tio n  per c o ty ­
le d o n .
The re s u lts  of t e s t s  em ploying su b s tra te s  (a sco rb a te , c a te c h o l and 
cytochrom e c  p lu s p -pheny lened iam ine) su g g e s te d  th a t a sc o rb ic  a c id  o x i­
d a se  w as th e  predom inating te rm ina l o x id a s e . The ra te  of o x id a tio n  of 
a sco rb a te  in  hom ogenates w as  in h ib ite d  qu ite  m arkedly by d ie th y ld ith io -  
carbam ate  and th io u re a . R esu lts  w ith  carbon m onoxide for in h ib itio n  of 
re sp ira tio n  su g g ested  l i t t le  or no cytochrom e o x id ase  in  co tto n  t i s s u e s .  
D icry l su p p re sse d  asco rb ic  ac id  o x id ase  in  co ty ledonary  t is s u e  to  th e  
sam e ex ten t a s  th e  e ffec t on grow th . A scorb ic  a c id  ox id ase  w as found 
to  be prim arily  a s s o c ia te d  w ith  th e  c e l l  w a ll f rac tio n  and to  b e  com ­
p le te ly  in a c tiv a te d  by bo iling  th e  h o m o g en a te .
The ox idation  of com bined s u b s tra te s ,  a sc o rb a te  and c a te c h o l, 
w as add itive  in d ica tin g  th a t a sc o rb a te  d id  not a c t  a s  a n  e le c tro n  sou rce  
for red u c tio n  of q u in o n es .
. The b lank  em ulsion  con ta in ing  a l l  o f th e  in g red ien ts  of th e  com ­
m ercia l h e rb ic id e  p repara tion  ex cep t d ic ry l had  no apparen t e ffe c t on 
growth or a sco rb ic  ac id  o x id a se .
A p o s s ib le  te rm ina l ox idation  sy s tem  con ta in ing  g ly co lic  ac id  
o x id a s e , g lyoxy lic  ac id  re d u c ta se  an d  c a ta la s e  w a s  in v e s tig a te d . The 
ra te  of o x id a tio n  of 1- la c t ic  and g ly c o lic  a c id s  w as eq u a l to  or g rea te r
th an  o x ida tion  of a sco rb a te  in  co tton  t is s u e  ho m o g en a tes . Inh ib ito rs 
of g ly co lic  ac id  o x id ase  a lso  su g g ested  th a t  th is  enzym e w as p re s e n t . 
D icry l had  no apparen t e ffec t on g ly co lic  ac id  o x id a se .
C a ta la se  and p e ro x id ase  a c tiv ity  rem ained  c o n s tan t follow ing 
d icry l trea tm en t w h ile  u n trea ted  p lan ts  in c re a se d  in  le v e ls  o f a c tiv ity  
of th e s e  enzym es. C a ta la se  a c t iv i ty , l ik e  a sco rb ic  a c id  o x id a se , w as 
su p p re ssed  by d icry l to  th e  sam e ex ten t a s  th e  e ffec t on grow th .
L ipoxidase w as no t d e te c te d  by se v e ra l t e s t s  for i ts  p re se n c e .
P ec tin  m e th y le s te ra se  w as d e p re sse d  for se v e ra l days by d icry l 
w ith  som e recovery  before  th e  end of th e  e igh t day te s tin g  p e rio d .
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